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‘The Oxidation of Octanoate by Liver 
Homogenates from Leucemic Mice” 


Care S. Vestiinc, Jesse N. Jr.,f SEYMOUR KAUFMAN, 
RicHarp AND HENRY QUASTLER 


(From the Division of Biochemistry, Noyes Laboratory of Chemistry, University of Illinois, Urbana, and 
the Department of Radiology, Carle Hospital Clinic, Urbana, IIL.) 


We have begun an investigation of the level of 
enzymatie activity in tissues which have been in- 
filtrated by malignant cells. Two preliminary re- 
ports of this work have appeared (1, 2). We are 
presenting herewith results of studies of fatty acid 
oxidase activity which have been carried out on 
(58 mouse liver homogenates according to Lehn- 
inger (3, 4). In addition, results of orienting ex- 
periments with rat liver systems will be reported. 

Since one aspect of the cancer problem is the 
study of the chemical reactions which take place 
in living tissue, and since all major reactions in 
rivo involve enzymatic influence, it is important 
to determine the effect which invading malignant 
cells may have on the catalytic apparatus of nor- 
mal tissue. The majority of the studies of enzymes 
in relation to cancer have been similar to those de- 
scribed by Greenstein and co-workers (5) and have 
involved a comparision of the enzymatic levels of 
normal versus tumor tissue. It seems important to 
us to study organs which are more or less diffusely 
infiltrated by malignant cells The C58 strain of 
mice developed by MacDowell offers excellent ex- 


* The authors wish to thank Dr. E. C. MacDowell, Depart- 
ment of Genetics, Carnegie Institution of Washington, Cold 
Spring Harbor, Long Island, New York, for supplying them 
with mice of the valuable C58 strain for these studies. 

t In part from a thesis for the degree of Doctor of Philoso- 
phy in Chemistry submitted by J. N. Williams, Jr., to the 
Graduate College, University of Illinois. Present address, De- 
partment of Biochemistry, University of Wisconsin, Madison, 
Wisconsin. 


+ Present address, Department of Biochemistry, School of 
Medicine, Duke University, Durham, North Carolina. 


| § Present address, Department of Chemistry, Iowa State 
College, Ames, Iowa. 


perimental material for this type of study, since 
numerous tissues in these animals are invaded by 
malignant lymphocytes as spontaneous lymphatic 
leucemia develops (6, 7). Histological examination 
of typical tissues from C58 mice shows general in- 
filtration with pronounced concentrations of ma- 
lignant cells around the periphery of blood vessels. 
Intire organs are attacked and are subjected to a 
competition for metabolites with the actively 
multiplying lymphocytes. 

Using liver slices from leucemic mice (Rf and 
Rf/Ak strains) Burk e¢ al. (8) have described ex- 
periments involving oxygen uptake, CO, produc- 
tion, and aerobic and anerobic glycolysis. Their 
results show, in general, elevated glycolysis (par- 
ticularly in anerobic systems) in the case of infil- 
trated livers. Hall (9) has reported similar results 
in anerobic glycolysis studies on liver slices from 
leucemic Ak mice. We have confirmed these ob- 
servations on anerobic glycolysis with C58 mouse 
liver slices (10). (For results of studies of the me- 
tabolism of lymph nodes from leucemic mice, see 
Victor and Potter (11).) 

Our results can be summarized in advance by 
stating that in C58 mouse livers there is frequent- 
ly observed a profound loss of fatty acid oxidase 
activity (as measured by the Lehninger technique) 
associated with leucemic infiltration. In such 
cases the extent of loss of activity usually greatly 
exceeds the extent of replacement of liver cells by 
malignant lymphocytes. Histological examination 
of the C58 mouse livers has been made in every 
case, and an estimate of the degree of infiltration 
obtained using Chalkley’s method (12). In our ex- 
periments whole homogenates and washed, mal- 


639 


he 
3 
| 
& 
| 
| 
| 
} 
| 
2 
2 
| id 
| 
| 
| 
a 
; 
ted 
| 
4 
aS 
: 
. 
| 
4 
‘ 
| a3 
| ry 
A 
= 
5 
% 
; 
} 
bas 
3 & 
wan 
a 
2 
* 
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onate-inhibited systems from infiltrated mouse 
livers showed essentially similar net fatty acid 
oxidase activities. 

Lehninger (4) reported that rat liver fatty acid 
oxidase systems were susceptible to inhibition by 
excess substrate. We have made a study of the re- 
lationship between octanoate concentration and 
oxygen uptake, using whole rat liver homogenates 
and washed, malonate-inhibited rat liver homoge- 
nates. Both types of system show a peak of activ- 
ity at 0.001 M octanoate concentration. Our 
mouse experiments have been carried out at this 
concentration. 


EXPERIMENTAL 


For the work to be described the following spe- 
cial materials were obtained as indicated: Cyto- 
chrome-c by the method of Keilin and Hartree 
(13) modified by final dialysis against distilled 
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Fic. 1—The Relation Between Oxygen Uptake and Qc- 
tanoate Concentration in Rat Liver Homogenates. Reaction 
Time = 45 minutes. Temperature = 25°C. Flask Compo- 
nents and Reaction Conditions in the ‘“‘Unwashed”’ Series: 

0.20 ml. 0.085 M NasHPO, (pH = 7.5) 

0.10 ml. 1 X 10-4 M cytochrome c 

0.25 ml. 0.013 M Na,ATP 

0.25 ml. unwashed liver homogenate (See text) 

0.20 ml. 10 per cent KOH in center well 

0.20 ml. sodium octanoate (pH 7.5) of appropriate concen- 

tration or 0.20 ml. H.O in side-arm. 


Flask Components and Reaction Conditions in the ‘““Washed”’ 
Series: 

0.10 ml. 0.07 M NasHPO, (pH = 7.5) 

0.10 ml. 0.048 M MgSO, 

0.10 ml. 1 X 10-* M cytochrome c 

0.10 ml. 0.1 M Na malonate 

0.10 ml. 0.033 M Na,ATP 

0.20 ml. KOH in center well 

0.30 ml. homogenate (washed) 

0.20 ml. sodium octanoate (pH 7.5) of appropriate concen- 

tration or 0.20 ml. H,O in side-arm 


water and lyophilization, adenosine triphosphate 
according to LePage (14), octanoic acid (East- 
man), a-ketoglutaric acid synthesized by E. D. 
Nielson in this laboratory according to Schneider 
(15), adenylic acid by hydrolysis of adenosine tri- 
phosphate. 


Livers were homogenized for 2 to 3 minutes in two 
parts of ice-cold Krebs-Ringer phosphate buffer (pH = 
7.7; calcium omitted) with the aid of a Potter-Elvehjem 
glass homogenizer (16). After removal from the animals 
the livers were immediately cooled in ice for 5 minutes 
before homogenizing. In the preparation of washed sys- 
tems the whole homogenates were centrifuged at 0 to 5° 
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Fic. 2.—Oxidation of Octanoate by C58 Mouse Liver Ho- 
mogenate (Washed, Malonate-inhibited). Mouse #77293. Per 
Cent Infiltration of Liver = 0.7. Theoretical Oxygen Uptake = 
67.2 ul. Temperature = 25° C. Flask Components and Re- 
action Conditions: 

0.10 ml. 0.025 M NasHPO, (pH = 7.5) 

9.10 ml. 0.083 M sodium malonate 

0.10 ml. 0.048 M MgSO, 

0.10 ml. 1 X 10~* M cytochrome c 

0.15 ml. 0.022 M Na,ATP 

0.25 ml. washed liver homogenate (See text) 

0.20 ml. 10 per cent KOH in center well 

0.20 ml. sodium octanoate (pH = 7.5 of appropriate con- 

centration or 0.20 ml. H.O in side-arm 


for 5 minutes in a clincal centrifuge at 2500 r.p.m. and 
the supernatant fluid discarded. The centrifuged mate- 
rial was then washed with ice-cold Krebs-Ringer phos- 
phate buffer in sufficient amount to bring the system to 
its original volume after centrifugation. The washing 
and centrifuging were done 3 times. After the final 
washing the system was made up to three-fourths of its 
original volume with the ice-cold buffer. 

In our early experiments Lehninger’s first technique 
(3) involving whole homogenates was used (17). It be- 
came apparent that further knowledge of the effects of 
varying substrate concentration was required. Hence, 
the oxygen uptake of rat liver systems as a function of 
octanoate concentration was studied. The results of an 
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experiment of this type are shown in Figure 1. On this 
graph are also plotted results for a washed malonate-in- 
hibited rat liver system. These results indicate that 
0.001 M octanoate concentration permits optimal ac- 
tivity. 

From experiments with washed, malonate-inhibited 
rat liver systems it was possible to plot the reciprocals 
of the initial velocities (15 minutes values of the oxygen 
uptake) against the reciprocals of the octanoate concen- 
trations. This permits evaluation of the Michaelis con- 
stant (K,,) according to the slope-intercept form of the 
Michaelis equation: (18) 

1 1 


— 


max V max . 


In this equation v is the observed initial velocity, Vinax. 


is the graphically estimated limiting velocity, and S is 
substrate molarity. The values of K,, for 6 experiments 
with norma! dult rat liver were 1.88, 1.64, 2.20, 1.71, 
1.31, and 1.43 X 107-* M. The average K,, value was 
1.70 10-3 M. 


Lehninger’s (19) and our results with the 
washed systems show a rapid near-quantitative 
transformation of octanoate to acetoacetate under 
the conditions specified in Figure 1. The oxygen 
uptake approaches the theoretical amount re- 
quired for the reaction: 


sults appears to be homogenization with a rather 
loose-fitting homogenizer for short periods of time. 
We adopted a rigid time schedule of operations in 
handling the livers. Whenever a system of low ac- 
tivity was encountered, a normal rat liver was 
tested with the same reagents in order to make 
sure that all solutions were properly constituted. 


In Figure 3 are shown the results of an experi- .. 


ment with a severely infiltrated C58 mouse liver. 
In this case there was substantially no fatty acid 
oxidase activity. Other leucemic animals showed 


L wi 


intermediate levels of oxidase activity. eee 


In Figure 4 are presented data from experiments 
designed to examine the relation between oxygen 
uptake and octanoate concentration in the case of 
three C58 mice: one a non-leucemic animal and the 
other two decidedly leucemic. It is apparent from 
these and similar experiments that 0.001 M oc- 
tanoate is a favorable concentration for a compari- 
son between non-infiltrated and infiltrated livers. 
It was not possible to obtain reliable estimates of 
the Michaelis constant in the case of severely in- 
filtrated mouse livers. 

The results of fatty acid oxidase studies on thir- 
ty-two C58 mice are summarized in Table 1. In 
this table are included data from experiments with 


CH; (CH2) ;COOH + 302.— 2CH2COCH2COOH + 2H:;0 


Chemical analysis for acetoacetic acid produced in 
the reaction by Edson’s method (25) amply con- 
firms Lehninger’s results. An indication of the re- 
producibility of the results encountered in the rat 
liver systems may be obtained from the following: 
Experiments with 15 normal rat livers from stock 
animals of various ages and both sexes showed an 
average oxygen‘uptake in 45 minutes of 48 + 8 ul. 
This corresponds to 72 + 12 per cent of the theo- 
retical activity and was checked in several cases 
by acetoacetate analysis. 

Essentially similar results were obtained with 
C58 mouse liver systems prepared from animals in 
which there was very little or no infiltration by 
malignant lymphocytes. In Figure 2 are presented 
the results of a typical experiment with a non- 
leucemic (or pre-leucemic) C58 animal. Similar 
activities were encountered with the livers from 
mice of other strains (C57 black and Zr).1 The 
average oxygen uptake for two C57 animals and 
one Zr animal studied according to these exact 
conditions was 53 + 7 ul. in 45 minutes. 

It should be emphasized at this point that a 
major factor involved in the reproducibility of re- 


‘The authors wish to thank Dr. Herman B. Chase, of the 
Department of Biology, Brown University, Providence, Rhode 
Island, for the C57 and Zr mice used in this work. 


washed, malonate-inhibited systems only. Sub- 
stantially similar results were obtained with whole 
homogenates. The per cent conversion of octano- 
ate to acetoacetate was calculated from the oxy- 
gen uptake after 35 minutes in each case, at which 
time the systems had practically stopped absorb- 
ing oxygen. The mouse numbers are those of Mac- 
Dowell. 

The per cent infiltration values must be regard- 
ed as estimates only. Two randomly selected pieces 
of liver from each animal were removed when the 
animal was sacrificed. These were fixed in alcohol- 
formalin-acetic acid, imbedded in paraffin, sec- 
tioned and stained with eosin-hemotoxylin.? The 
sections were evaluated using Chalkley’s (12) tech- 
nique: We have as a rule examined 20 fields using 
an ocular equipped with 5 pointers, and have 
found that the results are sufficiently accurate for 
our purposes, and quite well reproduced in inde- 
pendent counts made by different observers. In 
this way the numbers recorded in Table 1 were ob- 
tained. We feel that we have arrived at reasonable 
approximations of the extent of infiltration, even 
though in some animals the infiltration was rather 
spotty. 


2 The authors wish to thank Dr. Eldon D. Nielson and Ur- 
sula Irish for valuable assistance with the histological work. 
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There is a good correlation of spleen size with 
the severity of the leucemic state of C58 animals 
(Table I). We have weighed the spleens in every 
case and considered spleens weighing less than 0.2 
gm. to be normal or pre-leucemic. As described by 
MacDowell, the leucemic C58 animal frequently 
exhibits spectacular enlargement of liver, thymus, 
spleen and lymph nodes. In a few cases fatty livers 
were found, and in all of these cases fatty acid oxi- 
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Fic. 3.—Oxidation of Octanoate by Leucemic C58 Mouse 
Liver Homogenate (Washed, Malonate-inhibited). Mouse 
#79869. Per Cent Infiltration of Liver = 33. Theoretical 
Oxygen Uptake = 67.2 ywl. Temperature = 25°C. Flask 
Components and Reaction Conditions: 

0.10 ml. 0.025 M Na2s:HPO, (pH = 7.5) 

0.10 ml. 0.083 M sodium malonate 

0.10 ml. 0.048 M MgSO, 

0.10 ml. 1 X 107-4 M cytochrome c 

0.15 ml. 0.022 M Na,ATP 

0.25 ml. washed liver homogenate (See text) 

0.20 ml. 10 per cent KOH in center well 

0.29 ml. sodium octanoate (pH = 7.5) of appropriate con- 

centration or 0.20 ml. H:O in side-arm 


dase activity was very low. A few of the leucemic 
animals were severely emaciated with almost com- 
plete loss of body fat. Several of these animals 
showed fatty livers. The majority of the leucemic 
animals possessed reasonably active appetites at 
the time of sacrifice, so that our results cannot be 
ascribed to inanition (20). 

From the results in Table 1 we conclude that 
there is often a failure of systems from infiltrated 
livers to attack octanoate. Inspection of the data 
obtained from 32 animals of varying leucemic 
state reveals that 19 of them showed less than 50 
per cent of the theoretical fatty acid oxidase ac- 
tivity. Of these 19, only 5 animals showed malig- 
nant cell infiltrations higher than 10 per cent, and 
13 animals showed less than 20 per cent of the the- 


With Substrate 


Cancer Research 


oretical oxidase activity. Of the 13 mice exhibiting 
more than 50 per cent of the theoretical fatty acid 
oxidase activity, 10 fall in the range, 80 to 100 per 
cent activity, and of these only one (8 per cent in- 
filtration) showed an infiltration by malignant 
cells greater than 3 per cent. Thus it appears that 
certain of these animals show effects of leucemic 
infiltration to a greater extent than others. Some 
of the variability in our results is considered to be 
due to the fact that we were encountering the con- 
sequences of malignant cell invasions of widely 
varying duration. Variations in results from mice 
with low degrees of liver infiltration also suggest 
the possibility that the severity of the leucemic 
state may not always be accurately indicated by 


100, 
BOL 
Uptake 
per 
45 Min. 40 
20 
O i 1 i i 
0002 .0004 .0006 .0008 
Octanoate Molarity 
Fic. 4.—The Relation Between Oxygen Uptake and Oc- 


tanoate Concentration in Washed, Malonate-inhibited C58 
Mouse Liver Homogenates. Mouse #94049, Per Cent Infiltra- 
tion of Liver = 0; Mouse #93960, Per Cent Infiltration = 5.0; 
Mouse #92703, Per Cent Infiltration = 5.0. Theoretical Oxy- 
gen Uptake corresponding to 0.001 M. Octanoate = 67.2 ul. 
Temperature = 25° C. Flask Components and Reaction Con- 
ditions: 

0.10 ml. 0.025 M NasHPO, (pH = 7.5) 

0.10 ml. 0.083 M sodium malonate 

0.10 ml. 0.048 MgSO, 

0.10 ml. 1 X 107-4 M cytochrome c. 

0.15 ml. 0.022 M Na,sATP 

(0.25 ml. washed liver homogenate (See text) 

0.20 ml. 10 per cent KOH in center well 

0.20 ml. sodium octanoate (pH = 7.5) of appropriate con- 

centration or 0.20 ml. H,O in side-arm 


the extent of malignant cell invasion. In the case 
of No. 82646 a low infiltration was associated with 
a large spleen. Animals 93501, 79365, 93529 and 
75779 showed somewhat enlarged spleens, but 
small amount of infiltration and substantially nor- 
mal fatty acid oxidase activity. The significance of 
the grossly fatty livers encountered in several ani- 
mals is not understood. 
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DISCUSSION 


Since fatty acid oxidase activity is known to be 
associated with the sedimenting particles in a liver 
homogenate (21, 22), it seemed of interest to com- 
pare systems homogenized in Krebs-Ringer phos- 
phate with those homogenized in hypertonic 0.88 
M sucrose, which medium tends to preserve par- 
ticulate structure. No difference in fatty acid oxi- 
dase performance was observed in the case of a 
severely infiltrated mouse liver when it was homo- 
genized in either medium. Potter (23) has shown 
that homogenization of rat liver in hypotonic 
medium leads to loss of fatty acid oxidase activity. 
This loss may be considered to be associated with 
the disorganization of certain subcellular elements. 
Potter (24) has suggested that the “‘cytolysis quo- 
tient” is an index to the integrity of certain intra- 
cellular entities. The term, “‘eytochrome quo- 
tient,’ might be applied to suggest the possibility 
that homogenizing in hypotonic medium leads to 


TABLE 1 


OXIDATION OF OCTANOATE TO ACETOACETATE 
BY WASHED, MALONATE-INHIBITED C58 
MOUSE LIVER HOMOGENATES* fF 


Mouse PER CENT OF PER CENT WEIGHT 
NUMBER THEORETICAL INFILTRATION OF 
OXYGEN UPTAKE OF SPLEEN 
AFTER 35 LIVER (IN GM.) 
MINUTES 
94049 84.0 0 0.10 
92657 94.0 0.1 0.15 
92656 31.0 0.1 0.15 
82646 (Male)? 5.4 0.3 0.60 
82529 (Male) 15.0 0.5 0.15 
75348 28.3 0.5 0.35 
77293 97.5 0.7 0.15 
75648 24.6 1.0 0.65 
93961 65.5 1.0 0.15 
93537 98 .0 1.0 0.20 
79866 81.5 1.2 0.30 
93501 100.0 2.0 0.25 
93517 67 .0 2.0 0.15 
93520 73.0 2.0 0.45 
93532 10.0 2.0 0.25 
79365 91.5 2.0 0.40 
73583 23.8 3.0 0.60 
75750 10.9 3.0 0.90 
75055 1.5 3.0 2.60 
93529 99.0 3.0 .25 
T5749 53 .5 3.5 0.18 
93960 18.8 5.0 0.18 
92703 18.2 5.0 0.55 
84277 7.2 7.0 0.40 
T5779 91.0 8.0 0.40 
93317 0.0 9.0 0.30 
75056 6.7 10.0 0.70 
79869 5.8 33.0 1.20 
93318t 23.2 36.0 1.20 
93155 20.2 49.0 1.45 
92845 5.0 70.0 1.30 
00045§ 5.0 78.0 1.50 


* Females used except where otherwise noted. 
t Theoretical oxygen uptake = 67.2 yl. 

t Grossly fatty liver. 

§ Exact MacDowell number unavailable. 


the dissociation of cytochrome from certain pro- 
tein surfaces. In our studies homogenization of 
livers from a series of mice of varying leucemic 
state showed no change of ““eytochrome quotient” 
as a function of degree of infiltration (10). Accord- 
ingly our fatty acid oxidase results are not readily 
explained on the basis of fragility of intra-cellular 
elements, but seem to suggest an actual deficiency 
of enzymatic surface. 

In a few experiments with C58 mice a-keto- 
glutarate and adenylic acid were substituted for 
ATP (4). Similar results with infiltrated livers 
were obtained when this modification was em- 
ployed. 

In one experiment equal amounts of washed 
normal mouse liver (Zr strain) and of highly in- 
filtrated C58 mouse, liver were used in an attempt 
to detect any possible inhibitor effect. No such ef- 
fect was observed. The Zr mouse liver system and 
the mixed system showed a near-quantitative con- 
version of octanoate to acetoacetate, but the C58 
leucemic mouse liver system was almost wholly in- 
active. 

An additional point needs to be made. Since we 
are studying the enzymatic activity of liver “‘sys- 
tems” of variable malignant lymphocyte content, 
we may get a picture of some of the enzymatic 
capabilities of lymphocytes in cases of severe in- 
filtration. However, in those cases where the infil- 
tration is low, it is our opinion that we are dealing 
with lowered activity of the liver cells them- 
selves. 

How far these results may be considered to bear 
upon the situation existing in the intact animals is 
difficult to state. We feel that the best interpreta- 
tion of the data at present is based upon the con- 
cept of a competition for metabolites in an invaded 
organ between the rapidly multiplying malignant 
lymphocytes and the liver cells. This competition 
favors the lymphocytes, in part because of their 
concentration around the periphery of blood ves- 
sels. The net result is a deficiency of certain intra- 
cellular proteins (enzymes). In support of this 
idea is the fact that our studies showed in several 
cases a sharp loss of fatty acid oxidase activity In 
livers which were infiltrated to only a small extent 
(less than 10 per cent). 


SUMMARY 


1. The oxidation of octanoate in normal rat liv- 
er and in C58 mouse liver homogenates has been 
studied. 

2. Data from thirty-two C58 animals of varvy- 
ing leucemic state have been presented. Nineteen 
of these animals showed fatty acid oxidase activ- 
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ities less than 50 per cent of the theoretical. Thir- 
teen of these 19 animals yielded homogenates ex- 
hibiting less than 20 per cent of the calculated ac- 
tivity. 

3. A discussion of possible implications of these 
results is presented. 
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Free Amino Acids in Normal and Neoplastic Tissues 
of Mice as Studied by Paper Chromatography“! 


EUGENE ROBERTS AND SAM FRANKEL 


(From the Division of Cancer Research, Department of Anatomy, Washington University School of Medicine, 
St. Louis, Missouri) 


Changes found in the free amino acid content of 
epidermis undergoing carcinogenesis as determined 
by two-dimensional paper chromatography have 
been reported recently from this laboratory (1). 
The present paper deals with the determination of 
the patterns of free amino acids in a. variety of 
mouse tumors, comparing the neoplasms in as 
many cases as possible with the normal homolo- 
gous tissues. Comparisons were made of muscle 
with rhabdomyosarcoma, liver with hepatoma, 
epidermis with squamous cell carcinoma, and 
lymph nodes with lymphosarcoma. In addition, 
chromatograms were made of extracts of testes and 
interstitial cell tumor of the testes. No direct com- 
parison is possible in the latter case because only a 
small portion of the cells of the testes is of the in- 
terstitial type. Samples of a number of other tu- 
mors were also examined for which no suitable 
comparison could be made with a normal tissue. 
The results obtained for a large number of normal 
tissues not discussed herein will be reported sepa- 
rately. 


MATERIALS AND METHODS 


The transplantable lymphosarcoma and interstitial 
cell tumors of the testes which were carried in F; hy- 
brid mice of C57 2 X CBAC and C3H; 2 X AZ, re- 
spectively, were furnished by Dr. W. U. Gardner of 
Yale. Samples of a rapidly growing transplantable 
hepatoma in the leaden strain were received from the 
Jackson Memorial Laboratories and a transplantable 
rhabdomysarcoma in the C3H strain was obtained from 
Dr. Elizabeth Green of the Institute for Cancer Re- 
search in Philadelphia. Sarcoma 180 in Carworth Farms 
CFW male mice, sarcoma T 241 in C57 black male mice, 
and tumor MA 387 in AKm male mice were furnished 
by Dr. J. Biesele of the Sloan-Kettering Institute. Sam- 
ples of sarcoma 37 were obtained from Dr. Virginia 
Downing of the National Cancer Institute and Dr. F. A. 
Jacobs of St. Louis University. Transplantable squa- 
mous cell carcinomas carried in Swiss mice in this labo- 
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ratory (2) and spontaneous mammary carcinomas aris- 
ing in Swiss female mice in our colony were also studied. 

Determinations were made by the two-dimensional 
chromatographic method (3, 4, 5). Samples were pre- 
pared with and without H,O:. Treatment with HO, is 
necessary for the detection of cystine as cysteic acid and 
methionine as methionine sulfone. Many of the chroma- 
tograms were run in duplicate or triplicate, aliquots of 
the same sample invariably showing the same patterns. 
Different preparations of an organ from animals of a 
given species exhibited remarkable constancy in the 
proportions of free amino acids. 

Fresh tissues, freed of visibly detectable necrotic 
material, were weighed rapidly on a torsion balance 
after excision and immediately placed in ethyl alcohol, 
the final concentration of alcohol ranging between 70 
and 73 per cent. No differences were observed when the 
tissues were frozen in dry ice immediately after removal. 
The material was homogenized in a ground-glass homo- 
genizer, centrifuged, and the supernatant fluid was de- 
canted and evaporated to dryness. The residue was then 
thoroughly extracted with distilled water (1 ml. per 
gm. of fresh weight of tissue). Aliquots corresponding to 
75 mg. of fresh weight of tissue were placed on paper for 
chromatography. Results identical with those previous- 
ly reported for extracts of rapidly dried samples of epi- 
dermis and squamous cell carcinoma (1) were obtained 
when the above procedure was applied to these tissues. 
It was found that dialysates, obtained when homoge- 
nates of heat-coagulated tissues were equilibrated with 
a small quantity of distilled water in a rocking dialyzer 
(6), gave the same patterns as did the alcoholic extracts. 
The latter method is preferable when an estimation of 
the amino acids present in peptide or polypeptide form 
is desired, since small amounts of alcohol-soluble pro- 
teins which do not interfere with the satisfactory resolu- 
tion of amino acids on the chromatograms would give 
significant quantities of amino acids after acid or alka- 
line hydrolysis. 

The amino acids were identified by their relative posi- 
tions on the paper square and by comparison with a ref- 
erence chromatogram prepared by Dent (7). The posi- 
tions of individual amino acids were checked from time 
to time by the addition of known amino acids to tissue 
extracts prior to running the chromatograms. At all 
times the added amino acids migrated to the expected 
positions. The failure to detect the presence of an amino 
acid was taken to indicate that the quantity of the ami- 
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no acid present was below the level detectable under the 
conditions employed and not necessarily that the amino 
acid was completely absent from the solution tested. 
The aliquots used in this study were chosen so that in 
most cases the amino acids occurring in greatest 
amounts did not give spots which were too intense to 
allow a semi-quantitative estimate of the amount 
present. 
RESULTS 

General comment.—A diagram showing the posi- 
tions of the ninhydrin-reactive substances as they 
were distributed on our chromatograms is given 
in Figure 1. Spot X was given by glutathione either 
in pure solution or on addition to a casein digest. 
On treatment of either solution with H.Oz, this spot 
is shifted to position V. This spot disappears after 


( 
+ 
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Fic. 1—Diagram of constituents of chromatograms: A, 
phenylalanine; B, tyrosine; C, leucine; D, valine; E, methio- 
nine sulfone; G, proline; H, histidine; I, hydroxyproline; J, 
alanine; K, threonine; L, taurine; M, 6-alanine or citrulline; 
N, glutamine; O, glycine; P, serine; Q, arginine; R, lysine; 
S, glutamic acid; T, aspartic acid: U, cysteic acid; V, ‘‘oxi- 
dized”’ glutathione; W, “‘underglutamic acid”; X, glutathione. 


acid hydrolysis and equivalent quantities of glu- 
tamic acid, glycine, and cysteine appear. Spot W, 
which has been designated “‘underglutamie acid” 
(1), has been detected in extracts of mouse, human, 
and frog tissues and in plants and bacteria, but not 
in human or mouse plasma. It was found to disap- 
pear on acid hydrolysis. The material correspond- 
ing to this spot was isolated from carcinoma ex- 
tracts by the one-dimensional technique in col- 
lidine-lutidine as described by Dent (4), and used 
by Tishkoff et al. (8) for the fractionation of liver 
extract. Only glutamic and aspartic acids were 
found as contaminants on subsequent two-dimen- 
sional chromatography of an aliquot of a solution 


of the isolated material. On subsequent chromatog- 
raphy of an acid hydrolysate of an identical aliquot 
of the material, the spot corresponding to W was 
found to have disappeared. Spots corresponding to 
glycine, alanine, the leucines, serine, threonine, 
proline, and cysteic acid appeared, and there was 
an increase in the quantity of glutamic acid and a 
possible small increase in the quantity of aspartic 
acid. From these results “‘underglutamic acid’’ iso- 
lated from squamous cell carcinoma would appear 
to be a polypeptide containing at least 9 or 10 
amino acids. Further studies are being made on 
the isolation, purification, and identification of 
this material from various sources. 

A high level of taurine was found in extracts of 
all of the mouse tissues examined, both normal and 
neoplastic. Somewhat smaller quantities were 
found in human tissues. The physiological signifi- 
cance of the presence of this substance in large 
quantities in various tissues is not known. Dent 
has reported that taurine may be increased in the 
urine in pathological states (7). A decrease in the 
taurine level of mouse epidermis was produced by 
the application of pure benzene (1). The ninhy- 
drin-CQ: method for the determination of amino 
acids does not determine taurine. Therefore studies 
on tissue extracts employing this method would 
not detect variations in taurine which might be 
important in pathological states and during the 
active uptake of amino acids by a tissue. 

Free,amino acids in tumors and normal homolo- 
gous tissues.—Photographs of typical chromato- 
grams are shown in Figures 2 through 13. The yel- 
low spot given by proline is difficult to detect on 
the photographs because there is insufficient con- 
trast, but is easily visible on the original chromato- 
grams. The neoplastic tissues were compared with 
the normal homologous tissue from the animals 
bearing the tumor. Patterns oi free amino acids in 
non-cancerous tissues of a tumor-bearing mouse 
were not found to be significantly different from 
those in normal controls, when it was possible to 
make the comparison in animals of the same age 
and strain. 

Normal mouse epidermis has an extremely high 
content of free amino acids (Fig. 2) (1). This is con- 
sonant with the extremely high level of non-pro- 
tein nitrogen found in this tissue (9). The squa- 
mous cell carcinomas (Fig. 3) showed a striking 
decrease in the quantity of detectable constituents 
on the chromatograms in agreement with the 
markedly decreased content of non-protein nitro- 
gen (9). The “underglutamic acid,” cystine, and 
taurine spots had a greater intensity in the tumors 
than in the normal epidermis. Glutamine ‘ell trom 


. 
ee 
J 
2 
if 3 
2 
I 
(cs) 
j 
i 
M 
: 
x * 
’ 
2 
= 
ve 
Ve 


ROBERTS AND FRANKEL—F'ree Amino Acids in Tissues 647 


a high level in the normal epidermis to a level not 
detectable in the tumors. Although the proline 
level fell markedly in the tumors, easily detectable 
quantities were still present. A comparison of chro- 
matograms made from squamous cell carcinomas 
with necrotic material obtained therefrom showed 
clearly that the pattern of free amino acids in the 
tumors could not result from contamination with 
necrotic tissue. 

Both the muscle and the rhabdomyosarcoma 
(Figs. 4 and 5) had high contents of taurine. How- 
ever, the tumor had a higher content of gluta- 
thione, “underglutamic acid,” glutamic acid, gly- 
cine, alanine, proline, serine, cystine, and the other 
detectable constituents. 

The taurine level was high in both the lymph 
nodes and the lymphosarcoma (Figs. 6 and 7). The 
lymph nodes had a considerably higher content 
of aspartic acid. Approximately the same quanti- 
ties of glutathione, “‘underglutamic acid,” and 
glutamic acid were present in both tissues. The 
lymphosarcoma had a higher level of glycine, 
alanine, serine, proline, and cystine. 

The taurine, alanine, and valine levels in the 
liver and hepatoma (Figs. 8 and 9) were approxi- 
mately the same, while the glutamic acid, glycine, 
serine, proline, aspartic acid, leucine, and cystine 
levels were higher in the tumor. On the other hand, 
the glutamine level of the hepatoma was lower than 
that of the liver, as was the case in the comparison 
of squamous cell carcinoma with its normal hom- 
ologue. 

Other tissues.—The testes (Fig. 10) showed a 
pattern of free amino acids which differed from 
that of the other normal tissues, while the inter- 
stitial cell tumor (Fig. 11) had a distribution which 
was similar to that shown by the other tumors ex- 
amined. Chromotograms were made of a number 
of samples of sarcomas 37, 180, and T 241, spon- 
taneous mammary carcinoma, and tumor MA 387. 
Photographs are shown of chromatograms of sam- 
ples of sarcoma 37 and MA 387 (Figs. 12 and 13). 
There were no major differences observed between 
these neoplasms and those discussed previously. 
These findings emphasize the similarity of the free 
amino acid distribution in various neoplastic tis- 
sues. 

An examination of the photographs of the chro- 
matograms shows clearly that the neoplastic tis- 
sues tend to approach the same pattern of free 
amino acids whether they arose originally from a 
tissue which had a high content of free amino acids, 
such as epidermis, or a tissue relatively low in these 
constituents such as muscle. It is apparent that 
each of the normal tissues has a characteristic dis- 


tribution of free amino acids which is different 
from that of the other normal tissues, while the 


patterns of the tumors are similar in most respects 
to each other. 


DISCUSSION 

The finding that there is a similar pattern of 
free amino acids in neoplastic tissues is consistent 
with the previously reported similarity in enzyme 
constitution (10) and vitamin content (11), and 
supports the hypothesis that the metabolism of 
malignant tumors approaches a common type. 
The work of Gale with bacteria (12) and Christen- 
sen with animal tissues (13 to 17) has proven con- 
clusively that the uptake of amino acids by living 
cells is a highly selective process and is dependent 
on an expenditure of energy by the cell. Christen- 
sen (17) has recently shown that the maintenance 
of a higher concentration of amino acids in the cell 
than in the medium also requires energy. The 
above-mentioned experiments do not exclude the 
possibility that the free amino acids normally 
present in the cells may come, at least in part, from 
synthesis or from the breakdown of Jarger mole- 
cules such as polypeptides or proteins. 

The numerous problems suggested to us by the 
present study are now under active investigation 
in this laboratory. 


SUMMARY 


Patterns of free amino acids determined by two- 
dimensional paper chromatography were studied 
in a variety of mouse tumors, comparing the neo- 
plasms in several cases with the normal homologous 
tissues. It was found that each normal tissue ex- 
amined had a distribution of free amino acids 
characteristic for that tissue, while all of the tu- 


' mors, regardless of derivation or source, showed 


very similar patterns. 
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Figs. 2 to 13.—Peroxide-treated extracts of tissues. Aliquots corresponding to 75 mg. of fresh weight of tissue were 
employed in each case. 
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Factors Affecting the Distribution of Tumor Metastases 
Experiments with V, Carcinoma of Rabbits” 


Rex Coman, M.D., Ricuarp B. Etsenserc, M.D., 
Morton McCutcuHeon, M.D. 


(From the Department of Pathology, University of Pennsylvania School of Medicine, Philadelphia 4, Pennsylvania) 


In the study of tumor metastasis, a major prob- 
lem is to account for the distribution of secondary 
tumors in different anatomic locations, and espe- 
cially for the scarcity of metastases in certain or- 
gans, notably in the spleen and in the muscles. 

One explanation that has been advanced is that 
some organs may afiord a less favorable environ- 
ment for the growth of embolizing tumor cells than 
do others. Thus Paget (1), in 1889, likened tumor 
emboli to “‘seeds” falling in “soils” of different 
degrees of fertility, and this concept of the “‘suita- 
bility of the soil’”’ as favoring or inhibiting the es- 
tablishment of tumor emboli and their develop- 
ment into secondary tumors has been accepted by 
many writers (2). By “soil” is meant the various 
chemical and physical factors that may differ from 
one part of the body to another. Thus in voluntary 
muscle it is conceivable that production of lactic 
acid or mechanical stress might be unfavorable to 
survival and growth of embolizing cells. 

Another possible explanation is that metastases 
may fail to appear in certain organs because tumor 
emboli fail to reach them. 

The present investigation was designed to test 
the validity of this hypothesis, which we may ex- 
press as follows: tumor metastasis will develop in 
any organ that receives viable tumor emboli in suf- 
ficient numbers, so that scarcity of metastases in 
an organ is explainable by scarcity of emboli. This 
hypothesis may readily be tested by injecting can- 
cer cells into the arterial blood supply of the organ. 
If, in consequence, metastases regularly develop 
there, the hypothesis of organ susceptibility or 
suitable ‘soil’? would, at least for the tumor and 
species studied, be unnecessary. 


MATERIAL AND METHODS 


The tumor used in these experiments was a 
squamous cell carcinoma oi rabbits, the Ve carcin- 
oma derived from the Shope virus papilloma. 

* This investigation was supported by a research grant 


from the Division of Research Grants and Fellowships of 
the National Institutes of Health, U.S. Public Health Service. 
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This tumor is readily maintained in domestic rab- 
bits; it metastasizes regularly to adjacent lymph 
nodes, occasionally to the lungs, rarely elsewhere, 
in this behavior resembling squamous cell carcin- 
oma in man. 

Cancer cells were prepared for injection by pass- 
ing viable portions of tumor through a fine mesh 
metal sieve and suspending the cells in 5 volumes 
of saline (Gey’s solution); 0.3 to 1.0 ce. of this sus- 
pension was injected intravascularly in rabbits. 


RESULTS 


Intra-arterial injections.—Since skeletal muscles 
are seldom the seat of spontaneous metastases, 
embolism to these organs, if it should regularly re- 
sult in the development of metastases, would give 
strong support to the hypothesis being tested. Ac- 
cordingly, a tumor cell suspension was injected 
into the femoral artery. In each of 8 rabbits at the 
time of sacrifice, 65 to 86 days later, there was 
found extensive infiltration of the leg muscles with 
confluent masses of neoplasm (Fig. 1). Evidently 
cancer cells, providing they are able to reach 
muscle, have no difficulty in establishing metas- 
tases there. In other words, there is no indication 
that muscle provides an unfavorable “soil.” 

Injections into the left side of the heart.—In order 
further to test the hypothesis that metastases will 
develop in any organ receiving an adequate num- 
ber of tumor emboli, a suspension oi tumor cells 
was injected into the left side of the heart. Cancer 
cells should in consequence be carried to all organs 
and metastases should appear everywhere. That 
is approximately what happened. In Table 1 is 
shown the distribution of metastases by organs. 
It is interesting to observe that muscles, skin, 
myocardium, and lungs head the list in frequency. 
In each of 6 rabbits, great numbers of secondary 
tumors appeared in voluntary muscles and skin, as 
well as in many other organs (Figs. 2 to 3). As 
shown in Figure 3, metastases were frequent in the 
musculature of the trunk. In muscles of the ex- 
tremities, secondary tumors were less common and 
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occurred in greater numbers in the proximal than 
in the distal portions. As to visceral metastases, 
these are shown in Figure 2 in the liver, lungs, 
spleen, intestine, and kidneys. The histologic ap- 
pearance of a metastatic tumor nodule in muscle 
is shown in Figure 4. 

Thus it has been found that if cancer cells get 
into the left side of the heart they produce metas- 
tases everywhere. And yet, as mentioned earlier, 
this tumor rarely metastasizes spontaneously ex- 
cept to the regional lymph nodes and lungs. This 
is true, obviously, because few cancer cells reach 
the left side of the heart, having been trapped in 


the lungs. 
Injections into the right side of the heart and into 


the femoral vein.—The question was now asked: 
How efficient are the lungs in preventing tumor 
cells from getting through into the systemic ar- 
teries? 


Fic. 1.—Hind leg of a rabbit showing massive infiltration 
of the musculature by neoplastic tissue following injection of 
a tumor cell suspension into the femoral artery. 


TABLE 1 


DISTRIBUTION OF METASTASES IN 6 RABBITS 
INOCULATED WITH TUMOR CELL SUSPEN- 
SIONS INTO THE LEFT SIDE OF THE HEART 


Number of animals 
in which metastases 


Site* were observed 


Musculature 
Skin 
Myocardium 
Lungs 
Kidneys 
Eye (anterior chamber) 
Liver 
Pancreas 
Adrenals 
Bowel 
Brain 
Lymph nodes 
Spleen 
* The skeleton was examined in -_ one animal and was 


— to contain metastases in several of the long and flat 
nes. 


— 


Fic. 2.—Viscera of a rabbit following injection of a tumor 
cell suspension into the left side of the heart. Nodules of 
tumor are seen in the intestine, liver, spleen, kidneys, lungs, 
and heart. 


Fic. 3.—A rabbit with skin reflected to show numerous 
metastatic nodules in the muscles of the trunk and legs and in 
the subcutaneous tissue, following injection of a tumor cell 
suspension into the left side of the heart. 


3 

ee 
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‘To answer this question a heavy suspension of 
these cells was injected into the femoral vein or the 
right side of the heart. In each of 4 rabbits so in- 
jected and sacrificed from 35 to 40 days later, in- 
numerable tumor nodules were found in the lungs 
(Fig. 5) but not a tumor in any other organ. Evi- 
dently the cells of this cancer were unable to pass 
through the lungs, and no secondary metastases 


Fic. 4.—Histologic appearance of the tumor as seen in a 
metastatic nodule in muscle. Mag. 130. 


arose from the primary metastases. It follows that 
when in the presence of a tumor metastasizing to 
the lungs, metastases do not develop elsewhere, it 
is because tumor cells do not pass in adequate 
numbers from the lungs into the systemic arteries. 


SUMMARY 


Scarcity of tumor metastases in certain organs, 
such as voluntary muscles, might be due to low 
tumor susceptibility (unfavorable ‘“‘soil’’) or to 
failure of cancer cells to reach these organs. If the 
latter explanation is correct, secondary tumors 
should arise in all organs receiving an adequate 
number of embolizing tumor cells. This can be 
accomplished by injecting a suspension of tumor 
cells into the arterial blood supply of an organ. 
The tumor employed was the Vs carcinoma de- 
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rived from the Shope rabbit papilloma. When sus- 
pensions of cells from this tumor were injected into 
the femoral artery of rabbits, massive neoplastic 
growths infiltrated the leg muscles, showing that 
skeletal muscles readily support secondary tumors. 
If tumor cells are injected into the left side of the 
heart, they should be distributed to and produce 
metastases in all organs. This was verified experi- 
mentally. Hence scarcity of metastases in an organ 
is due to searcity of tumor emboli in the systemic 
arterial blood, as the result of screening by the 
lungs. Screening of cells of this tumor was found 
to be highly efficient, as injection of cancer cells 
into the femoral vein was followed by a multitude 
of secondary tumors in the lungs but not one tu- 
mor was found elsewhere. It is concluded that 


Fic. 5.—Lungs of a rabbit following injections of a tumor 
cell suspension into the right side of the heart. 


scarcity of metastases in an organ is explainable by 
scarcity of tumor cells reaching that organ. Under 
the conditions of these experiments, no organ 
proved to be unfavorable soil. 
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The Carcinogenic Activities of Certain Halogen Derivatives 
of 4-Dimethylaminoazobenzene in the Rat* 


J. A. Miter, Pu.D., R. W. Sapp, M.S., ano E. C. Pu.D. 


(From the McArdle Memorial Laboratory, Medical School, University of Wisconsin, Madison 6, Wisconsin) 


Previous studies from this laboratory (17, 19) 
have demonstrated that methyl, chloro, or nitro 
groups in the 2’, 3’, or 4’ positions of the hepatic 
carcinogen, 4-dimethylaminoazobenzene, pro- 
duced parallel alterations in the carcinogenicity of 
this dye. In each series the 4’-isomer was the least 
active and the 3’-isomer was the most active. Fur- 
thermore, except for the very high activity of the 
3’-methy]l derivative, the activities of the various 
derivatives with substituents in any one position 


TABLE 1 


ANALYSES ON THE PREVIOUSLY UNDE- 
SCRIBED AMINOAZO DYES 
Per cent N (Dumas)* 


M.P. THE- 
ORET- 
(CORR.) Founp ICAL 
Derivatives of 4-dimethyl- 
aminoazobenzene: 
2’-fluoro- 110.0-111.5 17.10,17.68 17.27 
3’-fluoro- 123 .0-124.0 17.50,17.66 
4’-fluoro- 153.5-154.5 17.29,17.41 
2’-trifluoromethyl- 118.0-119.0 14.16,14.36 14.33 
3’-trifluoromethy]- 77.0— 79.0 14.43, 14.77 
4’-trifluoromethyl- 173 .0-173.5 14.31, 14.33 
2’ ,5’-dichloro- 129 .0-130.0 14.42,14.57 14.29 
9’ 4’ ,6’-trichloro- 144.0-145.0 12.26,12.49 12.79 
2’,3-Dimethyl-4-mono- 83.5— 84.5 17.84,17.98 17.56 
methylaminoazoben- 
zene 
4-Formylmonomethyl- 17.94, 17.97 
aminoazobenzene 


* These determinations were made by the Clark Microanalytical Labora- 
tory, 1044 West Main Street, Urbana, Illinois. 


were very similar. Apparently the position of the 
group in the molecule had a greater effect on the 
carcinogenicity of the dye than did the type of 
group involved. 

An interpretation of these results as represent- 
ing the effects per se of the nitro and methyl 
groups on the activities of these dyes in vivo must 
be made with caution since these groups may be 
converted in vivo to amino and carboxy! groups, 
respectively. Accordingly we are studying the 
effects of more stable groups on the carcinogenic- 

* This investigation was supported in part by grants from 


the National Cancer Institute, U.S. Public Health Service and 
the Jane Coffin Childs Memorial Fund for Medical Research. 


ity of 4-dimethylaminoazobenzene. The present 
paper reports mainly on the activity of this dye 
after substitution in the 2’, 3’, or 4’ positions with 
a) the o, p-directing fluoro, F-, group which forms 
the strongest known bond with carbon, and b) the 
highly stable m-directing and _ ring-deactivating 
trifluoromethyl, CF;3-, group. The results ob- 
tained with the former compounds bear on the 
problem of whether the occurrence of a benzidine 
rearrangement (4, 11) in the metabolism of ami- 
noazo dyes could be of importance in the induc- 
tion of tumors by these dyes. In addition the 
carcinogenic activities of several other dyes re- 
lated to 4-dimethylaminozaobenzene are recorded. 


METHODS 


Preparation of compounds.—All but one of the 
compounds fed in these experiments were prepared 
in this: laboratory. The melting points of the com- 
pounds which have been described previously 
agreed well with those in the chemical literature 
and are given in the text. Since several of the com- 
pounds have not been described previously, the 
nitrogen contents and corrected melting points of 
the new compounds are listed in Table 1. For 
these determinations 100 to 200 mg. of each com- 
pound was purified by treating a hot solution in 
benzene with charcoal, passing the cooled solution 
through 6” X 1” column of alumina, and finally 
crystallizing from benzene-petroleum ether (Skelly 
Solve B). The melting points of the compounds 
were raised no more than 1 or 2° C. by this 
purification. 

Of the amines required for these syntheses aniline,' 
dimethylaniline,! p-fluoroaniline,? m-trifluoromethylan- 
iline,? 2, 4, 6-tribromoaniline,! 2, 4, 6-trichloroaniline,! 2, 
5-dichloroaniline,! and o-toluidine! were obtained com- 
mercially. Dr. R. G. Jones of the Eli Lilly Research Lab- 
oratories very generously supplied us with the o-and p- 
trifluoromethylanilines; his syntheses of these difficultly 
obtainable amines have been published (10). The o- and 

1 Eastman Kodak Company, Rochester 4, N. Y. 


2 Fluor-Syn Laboratories, 1128 North Water St., Milwaukee 
2, Wis. 
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m-fluoroanilines were prepared by the general methods 
of Schiemann and Pillarsky (23), but the yields of the 
nitrobenzenediazonium borofluorates used these 
preparations were increased by following the modifica- 
tions introduced by Starkey (24). m-Hydroxydimethyl- 
aniline was prepared from m-nitroaniline! by methyla- 
tion with dimethyl sulfate,! reduction of the nitro 
group with stannous chloride in concentrated HCl, and 
finally replacement of the amino group with a hydroxy 
group (1). 

4-Dimethylaminoazobenzene (m.p. 117—-118°), 2-hy- 
droxy-4-dimethylaminoazobenzene (m.p. 163-—-165°), 
and the fluoro and trifluoromethyl derivatives of 4-di- 
methylaminoazobenzene were prepared by diazotizing 
1 mole of the appropriate primary amine with 1 mole of 
sodium nitrite (25 per cent aqueous solution) in the 
presence of 2.5 moles of hydrochloric acid and about 
30 moles of water at 0 to 3° C. For coupling, the diazo 
solution was added to a cooled (15° C.) 70 per cent 
ethanol solution of 1 mole of the desired tertiary amine 
in the presence of 2.5 moles of anhydrous sodium ace- 
tate. In the case of the fluoro and trifluoromethylan- 
ilines it was necessary to heat the acid mixture to dis- 
solve the amine. The fine crystals of amine hydrochlo- 
ride which appeared when the solution was cooled 
rapidly, went slowly into solution upon diazotization. 
The trifluoromethy! and 2-hydroxy derivatives of 4-di- 
methylaminoazobenzene were recrystallized from eth- 
anol-water mixtures, while 4-dimethylaminoazobenzene 
and its fluoro derivatives were recrystallized from ben- 
zene-petroleum ether mixtures. The yields of the 
recrystallized dyes were approximately 80 per cent of 
theoretical. 

2, 5-Dichloroaniline was diazotized by dissolving 
0.1 mole in 50 ml. of 10 N hydrochloric acid and 210 ml. 
of water, cooling to 10° C., and then adding the sodium 
nitrite solution (0.1 moles) within 30 seconds (22). The 
diazo solution and dimethylaniline were then coupled as 
described above to give 2’, 5’-dichloro-4-dimethylami- 
noazobenzene. After recrystallization from benzene and 
petroleum ether the yield was 68 per cent of theoret- 
ical. 

Fifty per cent yields of 2’, 4’, 6’-tribromo-4-dimethy]- 
aminoazobenzene (m.p. 162—-162.5° C.) and 2’, 4’, 6’- 
trichloro-4-dimethylaminoazobenzene were obtained by 
the general procedure outlined by Saunders (22). One- 
tenth mole of sodium nitrite dissolved in 70 ml. of con- 
centrated sulfuric acid was added slowly to a solution of 
0.1 mole of the halogenated amine in 40 ml. of concen- 
trated sulfuric acid while the temperature was main- 
tained below 20° C. The diazo solution was diluted by 
pouring it slowly into 2 to 3 times its volume of crushed 
ice and water and the mixture was added with efficient 
stirring to 350 ml. of cold 70 per cent ethanol containing 
0.1 mole of dimethylaniline and 82 gm. of anhydrous 
sodium acetate. The dyes were recrystallized from a 
mixture of benzene and petroleum ether. 

2’, 3-Dimethyl-4-aminoazobenzene (‘‘o-aminoazotol- 
uene” or ‘‘2-amino-5-azotoluene’’) obtained commer- 
cially' was recrystallized from ethanol-water to a m.p. 
of 101 to 102° C. 2’, 3-Dimethyl-4-monomethylami- 
noazobenzene was prepared from the diazoamino deriv- 
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ative formed by coupling diazotized o-toluidine with 
N-methyl-o-toluidine (19). The diazoamino compound 
was rearranged (19) by heating it at 47 to 50° C. for 70 
minutes in the presence of excess N-methyl-o-toluidine 
and the hydrochloride of this amine. The dye was pre- 
cipitated as the hydrochloride which was then decom- 
posed with excess alkali. After recrystallization from 
benzene-petroleum ether the yield was 40 per cent of 
theoretical. 

For the preparation of 4-formylmonomethylamino- 
azobenzene, 4-monomethylaminoazobenzene (16) was 
refluxed in toluene (15 ml. per gm. of dye) for } hour 
with three equivalents of 88 per cent formic acid. The 
toluene was then distilled off slowly and, when less than 
half of the toluene remained, a second and identical 
charge of toluene and formic acid was added. After all 
of the toluene had been removed by distillation, the 
residue was taken up in ethanol, precipitated by the 
addition of water, and finally recrystallized from eth- 
anol-water. 4-Monomethylaminoazobenzene was easily 
regenerated from the formyl]! derivative by acid hydroly- 
sis. The preparations of 4’-nitro-4-dimethylaminoazo- 
benzene (m.p. 227—229° C.) and 2, 4’-diamino-5-dimeth- 
vlaminobiphenyl trihydrochloride have been described 
previously (19). 

Method of assay.—Young adult male albino rats® 
weighing 160 to 190 gm. were housed in screen-bottom 
cages in groups of 5 to 7 with food and water available 
ad libitum. All of the compounds were fed in a semi- 
synthetic diet (13, diet 3) consisting of crude casein, 12; 
Vitab rice bran concentrate, 2; salts, 4; glucose mono- 
hydrate (cerelose), 77; and corn oil, 5. After analysis of 
the dietary constituents sufficient crystalline riboflavin 
was added to bring the total content of the diet to the 
desired level. The rats of the first series (Table 2) re- 
ceived only 1 mg. of riboflavin per kg. of diet for the 
first 8 days. At that time the weight losses were so severe 
that the level was raised to 2 mg. per kg. of diet for the 
remainder of the first series and for the two subsequent 
experiments (Tables 3 and 4). In a fourth series the 
rats fed 4-dimethylaminoazobenzene and one of the 
groups fed the 4’-fluoro derivative received 2 mg. of 
riboflavin per kg. of diet while the diet for the second 
group fed 4’-fluoro-4-dimethylaminoazobenzene con- 
tained 10 mg. of riboflavin per kg. 4’-Nitro-4-dimeth- 
vlaminoazobenzene and 2, 4’-diamino-5-dimethylami- 
nobipheny! trihydrochloride were added to the diets 
after being ground in a mortar with a small quantity of 
glucose; the other compounds were dissolved in the 
corn oil of the diet with mild heat. Each rat received 1 
drop of halibut liver oil per month. 

In the first series (Table 2) each compound was fed to 
13 or 14 rats at a level of 2.67 millimoles per kg. of diet 
(equivalent to 0.060 per cent of 4-dimethylaminoazoben- 
zene). At the end of 3 months the rats fed 4-dimethyl- 
aminoazobenzene and its 4’-fluoro derivative were ex- 
amined for tumors by laparotomy. Those fed the 4’-flu- 
oro derivative were then transferred to the basal diet 
(no dve added) for 2 months, while the other group was 
fed 4-dimethylaminoazobenzene for an additional 


3 Holtzman Rat Co., Madison, Wis. 
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month, examined by laparotomy a second time, and 
then fed the basal diet for 2 months. 2’, 4’, 6’-Tribromo-, 
2’, 5’-dichloro-, and 4’-nitro-4-dimethylaminoazoben- 
zene were fed for 8 months before the rats were subjected 
to laparotomy and transferred to the basal diet for an 
additional 2 months. Since the rats would not survive 
with continuous feeding of 2’, 4’, 6’-trichloro-4-dimeth- 
vlaminoazobenzene, they were transferred to the basal 
diet for 1 month periods at the end of the fifth and sev- 
enth months of dye-feeding. The total period during 
which the dye was actually ingested was 10 months. 
2’, 3-Dimethyl-4-aminoazobenzene and its N-mono- 
methyl derivative were fed continuously for 14 months. 

In the second series (Table 3) 2.40 millimoles of 
4-dimethylaminoazobenzene and its three fluoro deriv- 
atives were fed per kg. of diet for 3 months while 2-hy- 
droxy-4-dimethylaminoazobenzene was fed at a level of 
2.67 millimoles per kg. for 8 months. At the end of the 
dye-feeding periods the livers were examined by lap- 
arotomy, and after 2 months on the basal diet the rats 
were killed for a final tumor count. 

In the third series (Table 4) 4-dimethylaminoazoben- 
zene and its three trifluoromethyl! derivatives were at 
first fed at a level of 2.67 millimoles per kg. Due to the 
poor health of the rats fed the 2’- and 3’-trifluoromethyl- 
derivatives it was necessary after 5 weeks to transfer the 
rats fed 4-dimethylaminoazobenzene and the trifluoro- 
methyl derivatives to the basal diet for 10 days, and 
then feed a reduced level of these four dyes (2.13 
millimoles per kg.) for the remainder of the experiment. 
After 4-dimethylaminoazobenzene had been fed for a 
total of 5 months and the trifluoromethyl derivatives 
and 4-formylmonomethylaminoazobenzene (2.67 milli- 
moles per kg.) for 8 months, the livers were examinel by 
laparotomy and the animals maintained on the basal 
diet for 2 months. 2, 4’-Diamino-5-dimethylaminobi- 
phenyl trihydrochloride was fed at the higher level of 
5.34 millimoles per kg. for 10 months. Each group in 
series two and three consisted of 14 rats. 

In the fourth series both 4-dimethylaminoazoben- 
zene and its 4’-fluoro derivative were fed at a level of 
2.40 millimoles per kg. of diet. Three rats from each of 
the groups fed 4-dimethylaminoazobenzene and 4’- 
fluoro-4-dimethylaminoazobenzene in the low riboflavin 
(2 mg. per kg.) diet were killed for hepatic riboflavin 
(2) and protein-bound dye (12, 15) analyses at 1, 2, 3, 4, 
6,8, 13, and 18 weeks. These analyses were also made on 
the livers of 3 rats fed 4’-fluoro-4-dimethylaminoazo- 
benzene in the high riboflavin (10 mg. per kg.) diet and 
the basal diet containing low or high levels of riboflavin 
for 3, 8, and 18 weeks. To determine the effect of the 
level of dietary riboflavin on the carcinogencity of 4’- 
fluoro-4-dimethylaminoazobenzene the livers of 17 and 
13 rats fed the dye in the diets containing the low and 
high levels of riboflavin, respectively, were examined by 
laparotomy at 13 weeks. They were then fed basal diets 


4 Note added in proof: After these rats had been fed the 
dye for a total of 16, months they were continued on the basal 
diet for 2 more months and then killed. By this time 2’, 3-di- 
methyl-4-aminoazobenzene had produced benign hepatomas 
in 2 of the remaining 9 rats; 2 of the 10 rats that had been 
fed the N-methy] derivative developed similar tumors. 


containing the same levels of riboflavin for an addi- 
tional 2 months before being killed for the final tumor 
count. 


After the dyes which had not previously been 
tested for carcinogenic activity were fed for at 
least 2 weeks in the above experiments the absorp- 
tion of the compounds from the gastrointestinal 
tract was investigated by determining the dye 
content of 24 hour fecal samples. The feces were 
air-dried at 37° C., powdered, and extracted with 
acetone in a Soxhlet apparatus for at least 24 
hours. An aliquot of the acetone extract was 
evaporated to dryness in vacuo, the residue was 
dissolved in 7 N HCl, and the light absorption of 
this solution was compared with that of a standard 
solution of the compound fed. 


RESULTS 


The results of the three series in which a total 
of 14 aminoazo dyes and one possible non-azo 
metabolite of 4-dimethylaminoazobenzene were 
tested for carcinogenicity are tabulated in Tables 
2 to 4. The tumor incidences of the three control 
groups fed 4-dimethylaminoazobenzene agreed 
well with those obtained previously (19, 21). The 
other compounds had activities ranging from zero 
to nearly twice that of the reference compound. 

Although the carcinogenicity of 2’, 3-dimethy]l- 
4-aminoazobenzene (“‘o-aminoazotoluene’’) for the 
rat liver has been definitely established (8), no 
tumors‘ were obtained in this experiment when it 
was fed at a level of 2.67 millimoles per kg. of 
diet for 14 months (‘Table 2, group 7). Likewise, no 
liver tumors‘! were found when its N-methyl] deriv- 
ative, 2’, 3-dimethyl-4-monomethylaminoazoben- 
zene (group 8) was fed for 14 months at the same 
level. However, two of the rats fed the latter com- 
pound had tumors at other sites; one developed a 
carcinoma arising from the sebaceous glands near 
the eye after 12 months while a mixed basal and 
squamous cell carcinoma arising from the ear 
duct was found in a second rat after 14 months.’ 
This ear tumor was similar to those found after 
administration of certain amines such as 2-ace- 
tylaminofluorene (26), certain heterocyclic ana- 
logues of the latter compound (14), and the 4- 
aminostilbenes (7). 

The polyhalogen derivatives 2’, 4,’ 6’-tribromo-. 
2’, 4’, 6’-tricholoro-, and 2’, 5’-dichloro-4-dimeth- 
ylaminoazobenzene (Table 2, groups 3-5) were 
all inactive even after being fed for 8 to 10 months, 
although the trichloro derivative did produce 
mild cirrhosis and cysts in the liver after being 

5 We are indebted to Drs. H. P. Rusch and J. M. Price for 


the histological examinations of the tumors reported in this 
paper. 
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fed for 8 to 10 months. 4’-Nitro-4-dimethylamino- 
azobenzene (group 6) was likewise non-carcino- 
genic In these tests; this compound was fed to com- 
plete the series of derivatives containing a nitro 
group on the prime ring (19). The inactivity of the 
tribromo and 4’-nitro derivatives is of doubtful 
significance, however; in each case approximately 
half of the dye fed was apparently not absorbed 
since 1t was excreted in the feces unchanged. On 
the other hand no more than 3 per cent of the 2’, 
4’, 6’-tricholoro-4-dimethylaminoazobenzene and 
less than 1 per cent of the other compounds re- 
ported in this paper were excreted in the feces. 

In the first series 4’-fluoro-4-dimethylaminoazo- 
benzene (group 2) induced liver tumors in 7 of 12 
rats by 3 months while none of the rats fed 4- 
dimethylaminoazobenzene had gross tumors at 
that time. Since all other substitutions in the 4’ 
position have resulted in compounds considerably 
less active than 4-dimethylaminoazobenzene (17, 
19), it was of interest to feed the 2’- and 3’-fluoro 
derivatives as well. In this series the 4’- and 3’- 


fluoro derivatives (Table 3, groups 10 and 11) ap- 
peared to be equally active and almost twice as 
carcinogenic as 4-dimethylaminoazobenzene. 2’- 
Fluoro-4-dimethylaminoazobenzene (group 12) 
induced tumors a little faster than 4-dimethylami- 
noazobenzene in this experiment, but the differ- 
ence was small. In the same experiment 2-hydroxy- 
4-dimethylamimoazobenzene (group 13), a possi- 
ble metabolite of the parent compound, did not 
produce any tumors or gross liver damage after 
being fed for 8 months; the 2’-, 3’-, and 4’-hydroxy 
derivatives are also non-carcinogenic (19). 

While replacement of a hydrogen on the ben- 
zene ring with a fluorine atom enhanced the activ- 
ity of 4-dimethylaminoazobenzene, replacement of 
the three hydrogens of the methyl groups of 3’- 
and 2’-methyl-4-dimethylaminoazobenzene by flu- 
orine destroyed their activities (Table 4, groups 16 
and 17; cf. Table 5). 4’-Trifluoromethy|-4-dimeth- 
ylaminoazobenzene (group 15) was likewise in- 
active when fed for 8 months. The rats receiving 
the 2’- and 3’-trifluoromethyl derivatives were in 
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THe CARCINOGENICITIES OF CERTAIN HALOGEN DERIVATIVES 
OF 4-DIMETHYLAMINOAZOBENZENE 
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THE CARCINOGENICITIES OF CERTAIN MONOFLUORO 


DERIVATIVES OF 4-DIMETHYLAMINOAZOBENZENE 
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poor health during the first month of the experi- 
ment so that it was necessary to feed the basal 
diet for 10 days and then continue with a reduced 
level of dye. 4-Formylmonomethylaminoazoben- 
zene (group 18), a possible intermediate in the 
formation of 4-monomethylaminoazobenzene from 
the dimethyl compound in vivo, was much less 
active than either of these compounds. Although 
it was fed for 8 months, the compound induced 
liver tumors in only 4 of 11 rats by 10 months. 
2, 4’-Diamino-5-dimethylaminobipheny] trihydro- 
chloride (group 19), which has been suggested as a 
possible metabolite of 4-dimethylaminoazoben- 
zene (3, 4), did not induce any liver tumors even 
though it was fed at a level of 5.34 millimoles per 
kg. of diet for 10 months. This confirms an earlier 
test in which the compound was fed for only 4 
months (19). An adenocarcinoma arising from the 
small intestine was found in one of the surviving 
rats which were killed at 12 months. 

The liver tumors induced by the three fluoro 
dyes and 4-formylmonomethylaminoazobenzene 
were histologically similar to those induced by 
4-dimethylaminoazobenzene.° 

Studies on 4'-fluoro-4-dimethylaminoazobenzene. 
—Like 4-dimethylaminoazobenzene (21) the car- 
cinogenicity of 4’-fluoro-4-dimethylaminoazoben- 
zene was markedly altered by the riboflavin level 
of the diet. Thus when the 4’-fluoro derivative was 
fed in a diet containing 2 mg. of riboflavin per kg. 
for 3.5 months, the tumor incidence was 41 per 
cent at 3.5 months and 82 per cent after 2 months 
on the basal diet. The corresponding incidences for 
the rats fed 10 mg. of riboflavin per kg. of diet 
were 0 and 15 per cent respectively. Further, the 
livers of the rats fed the high level of roboflavin 
showed little or no gross damage while the livers of 
those fed the lower level were moderately cirrhotic. 
In this experiment only one of 11 rats fed 4-dimeth- 
ylaminoazobenzene for 3.5 months had _ gross 
tumors at that time. 

The ingestion of either 4-dimethylaminoazo- 
benzene or its 4’-fluoro derivative in the low 
riboflavin diet decreased the level of hepatic ribo- 
flavin from 14.4 wgm. per gm. at the beginning of 
the experiment to approximately 11.6 and 10.6 
ugm. per gm. by 3 and 8 weeks respectively. The 
livers of rats fed the same diet without the dye con- 
tained 12.8 and 17.3 ugm. of riboflavin per gm. at 
3 and 8 weeks respectively. Ingestion of the high 
riboflavin diet increased the level of hepatic 
riboflavin to 17.5 and 18.1 ugm. per gm. for the 
rats fed the basal diet and 14.3 and 15.4 ugm. per 
gm. for those fed 4’-fluoro-4-dimethylaminoazo- 
benzene at 3 and 8 weeks respectively. High 
levels of dietary riboflavin also increase the level 


of hepatic riboflavin which can be maintained 
when either 4-dimethylaminoazobenzene (13) or 
its 3’-methy] derivative is fed (6). 

Like the other dimethylaminoazo dyes which 
have been studied (15) 4’-fluoro-4-dimethylami- 
noazobenzene gave rise to a considerable level of 
protein-bound aminoazo dye in the liver. In this 
experiment the level of bound dye reached a maxi- 
mum between 3.5 and 4 weeks when either 4-di- 
methylaminoazobenzene or its 4-’fluoro derivative 
was fed in the low riboflavin diet (Fig. 1). After 
the maximum levels were reached, the level of 
bound dye derived from the 4’-fluoro derivative 
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Fic. 1.—The protein-bound dye-time curves for 4-dimethyl- 
aminoazobenzene and its 4’-fluoro and 4’-methyl (15) deriva- 
tives. The relative carcinogenic activities of the dyes are given 
in parentheses. The micromolar level of the bound dye derived 
from 4’-fluoro-4-dimethylaminoazobenzene was calculated 
from the quantity of steam-distillable amine obtained follow- 
ing reduction with tin and hydrochloric acid according to the 
general procedure described previously (15). One micromole of 
amine was obtained from a solution of the bound dye which 
had a light absorption (log Io/1) at 520 my of 12.0 when dis- 
solved in 4.5 ml. of the hydrochloric acid-ethanol solution. The 
constant for 4-dimethylaminoazobenzene is also 12.0 under 
these conditions (15). 


fell more rapidly than that formed from 4-dimeth- 
ylaminoazobenzene; a similar sharp drop in the 
level of bound dye after the maximum was found 
when the very active 3’-methyl-4-dimethylami- 
noazobenzene was fed (15). The levels of bound 
dye in the livers of the rats fed 4'-fluoro-4-dimeth- 
vlaminoazobenzene in the high riboflavin diet 
for 3, 8, or 18 weeks were similar to those observed 
when the low riboflavin diet was fed. The period of 
dye-feeding required before the maximum level of 
protein-bound dye derived from the 4’-fluoro de- 
rivative was obtained fits in reasonably well with 
similar data on the C-monomethy] derivatives of 
4-dimethylaminoazobenzene (15). Thus the bound 
dye-time curve for the very active 3’-methy] deriv- 
ative (activity = 10-12) reached a maximum after 
2 weeks of dye-feeding while the bound dye-time 
curves with 4-dimethylaminoazobenzene  (ac- 
tivity = 6), 2’-methyl-4-dimethylaminoazoben- 
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zene (activity = 2-3), and 4’-methyl-4-dimethyl- 
aminoazobenzene (activity <1) reached maxima 
after approximately 4, 8, and <21 weeks, re- 
spectively. 2-Methyl-4-dimethylaminoazobenzene 
(activity = 0) and 3-methyl-4-monomethylami- 
noazobenzene (activity <1) gave rise to maximum 
bound dye levels after 12 weeks of feeding. 


DISCUSSION 


The data presented above on the activities of 
the halogen-containing derivatives of 4-dimethyl- 
aminoazobenzene have a bearing on the benzi- 
dine-rearrangement hypothesis of Elson and 
Warren (4). These workers found that the urine 
from rats fed azobenzene, a non-carcinogenic com- 
pound, contained a substance which yielded ben- 
zidine or 4, 4’-diaminobiphenyl on treatment 


TABLE 5 


THE CARCINOGENICITIES OF VARIOUS RING-SUBSTITUTED 
DERIVATIVES OF 4-DIMETHYLAMINOAZOBENZENE 


3 2 
Sn 


Relative Activiti titut 
substituent 
position _HO-_ _CH3- _NOp- Cl- __CF3- 
4' <I 1-2 Te) 0 
3' 10-12 5 5-6 10 
2’ 2-3 3 2 7 
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with acid. This substance was assumed to be a 
derivative of hydrazobenzene and it was suggested 
that a rearrangement of this compound to benzi- 
dine might also take place in vivo. Elson and 
Hoch-Ligeti (3) also considered it probable that 
4-dimethylaminoazobenzene undergoes a similar 
rearrangement in vivo to yield 2, 4’-diamino-5-di- 
methylaminobipheny]l. This compound, a substi- 
tuted p-phenylene diamine, was found to be a 
potent enzyme inhibitor (3) and hence might be 
involved in the carcinogenic process induced by 
the parent dye. Since at least one of the para or 
ortho positions of aromatic hydrazo compounds 
must be unsubstituted for the benzidine rearrange- 
ment to take place (9), the substitution of one or 
more groups in the 2’, 4’, and 6’ positions of 4-di- 
methylaminoazobenzene should prevent, or at 
least hinder, this reaction from occurring 1n vivo. 
Actually neither 2’, 4’, 6’-trichloro- or 2’, 4’, 
6’-tribromo-4-dimethylaminoazobenzene was ac- 
tive. While the inactivity of the tribromo com- 
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pound can be disregarded since no more than half 
of the compound fed was absorbed, the inactivity 
of the trichloro derivative is negative evidence in 
support of the benzidine hypothesis. On the other 
hand, the very high activities of the 4’- and 2’- 
fluoro derivatives constitute positive evidence 
against the hypothesis for the carbon-fluorine 
bonds in these compounds are among the strongest 
known chemical linkages. Since para rearrange- 
ments usually take place with more facility than 
those directed to the ortho positions, it might be ex- 
pected according to this theory that the 4’-fluoro 
derivative would have a very low activity; instead 
it proved to be more active than the parent dye or 
the 2’ derivative. Furthermore, the direct tests of 
the rearrangement product itself for carcinogenic 
activity in the rat liver have so far yielded nega- 
tive results (Table 4, group 19 and (19) ). In any 
case the fact that substitution of the fluorime 
atom into any of the positions on the prime ring of 
4-dimethylaminoazobenzene did not decrease the 
activity of this dye encourages one to attempt 
further tests of the benzidine rearrangement 
hypothesis by preparing polyfluoro derivatives 
substituted in such a way that they could not un- 
dergo this rearrangement upon reduction to the 
corresponding hydrazo compounds. 

The data presented in this and previous work 
(17, 19) concerning the effect of substitution in the 
rings of 4-dimethylaminoazobenzene on its carci- 
nogenicity are summarized in Table 5. It is evi- 
dent that chloro, nitro, and methyl groups act 
alike in producing similar series of compounds of 
graded carcinogenicities. Hydroxy and trifluoro- 
methyl groups are also alike in that they destroy 
the ability of the molecule to act as a carcinogen. 
The effect of the hydroxy group may be to provide 
a point of attack for metabolic breakdown of the 
dye before it can act carcinogenically. In fact, 
4’-hydroxy-4-dimethylaminoazobenzene is formed 
from 4-dimethylaminoazobenzene during its me- 
tabolism by rat liver homogenates (20) and there is 
evidence that demethylated hydroxyazo deriva- 
tives are present in the urine of rats fed the dye 
(18). It is not known how the strongly m-directing 
and ring-deactivating trifluoromethyl group de- 
stroys the carcinogenic activity of the dye. 
Equally difficult to explain are the observations 
that the fluoro group in the 3’ and 4’ positions in- 
creases the activity of the molecule while the same 
group in the 2’-position did not alter the activity 
of the dye. This is particularly striking in the case 
of the 4’-derivative since other substituents in this 
position either abolish or greatly diminish the ac- 
tivity of 4-dimethylaminoazobenzene. It is inter- 
esting that the activity of the 4’-fluoro derivative, 
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like that of the parent dye, can be strongly inhib- 
ited by feeding a high level of riboflavin. On the 
other hand, the activity of 3’methyl-4-dimethyl- 
aminoazobenzene, another derivative that is more 
active than the parent dye, is not greatly reduced 
by dietary additions of this vitamin (5). However, 
like the other highly active aminoazo dyes (15) the 
amount of protein-bound dye formed from 4’-flu- 
oro-4-dimethylaminoazobenzene rises to a maxi- 
mum within 1 month of dye-feeding and then 
diminishes. This is quite unlike the bound dye- 
time curve of 4’-methyl-4-dimethylaminoazoben- 
zene, a very weak carcinogen ( (15) and Fig. 1). 

Although it was expected from the data in the 
literature (8) that 2’, 3-dimethyl-4-aminoazoben- 
zene (‘‘o-ammoazotoluene’’) would be a_ very 
weak carcinogen under our conditions, the substi- 
tution of a N-methyl group did not increase its 
activity for rat liver to a measurable extent. 
While this result might not have been expected in 
view of the great increase in activity effected by 
the monomethylation of 4-aminoazobenzene (17, 
19, 25) it was known that a methyl group in the 
3 position does diminish strongly the activity of 
4-monomethylaminoazobenzene (19). Similarly, 
the low activity of 4-formylmonomethylaminoa- 
zobenzene, a possible metabolite of 4-dimethylami- 
noazobenzene, was surprising. Evidently the 
N-formyl group in this compound is not readily 
removed in vivo to yield the highly active dye, 
4-monomethylaminoazobenzene. 

While it is difficult to evaluate the importance 
of steric hindrance in determining the carcinogenic 
activities of the compounds listed in Table 5, 
this factor should probably receive more atten- 
tion. The “space-filling” properties of the groups 
under discussion appear in many cases to be of as 
much importance as their effects on the electronic 
structure of the whole molecule. These considera- 
tions may apply, for example, to such inactive 
dyes as 2’, 4’, 6’-trichloro-4-dimethylaminoazo- 
benzene and the trifluoromethyl derivatives of 
4-dimethylaminoazobenzene. 


SUMMARY 


1. The carcinogenic activities of 15 halogen and 
other derivatives of the hepatic carcinogen, 
4-dimethylaminoazobenzene, were determined in 
the rat. Some of these compounds were fed to test 
the hypothesis (Elson and associates) that the 
parent dye undergoes a benzidine rearrangement 
in vivo which is concerned in the carcinogenic 
process induced by the dye. 

2. The substitution of the stable o, p-directing 
fluoro group in the 3’ or 4’ positions yielded dyes 
which were nearly twice as active as 4-dimethyl- 
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aminoazobenzene, whereas the 2’-fluoro derivative 
had essentially the same activity as the parent dye. 
The activity of the 4’-fluoro derivative was strong- 
ly inhibited by high levels of dietary riboflavin, 
and the level of protein-bound dye formed in the 
liver from this dye reached a maximum after 1 
month of feeding. 

3. The substitution of the stable m-directing 
trifluoromethyl group in the 2’, 3’, or 4’ positions 
yielded dyes that were inactive even after 8 
months of continued administration. 

4. Two dyes that presumably could not undergo 
the benzidine rearrangement in vivo, 2’, 4’, 6’-tri- 
bromo- and 2’, 4’,6’-trichloro-4-dimethylaminoazo- 
benzene, were inactive, but the tribromo deriva- 
tive was only poorly absorbed from the intestinal 
tract. However, the benzidine rearrangement prod- 
uct of 4-dimethylaminoazobenzene, 2, 4’-diami- 
no-5-dimethylaminobiphenyl, was inactive even 
when fed at a high level for 10 months. In addi- 
tion, the high activities of the 2’- and 4’-fluoro 
derivatives are considered to constitute positive 
evidence against the benzidine rearrangement 
hypothesis. 

5. Two possible metabolites of 4-dimethylami- 
noazobenzene were tested: 4-formylmonomethyl- 
aminoazobenzene had only a low carcinogenic 
activity and 2-hydroxy-4-dimethylaminoazoben- 
zene was inactive. The following miscellaneous 
derivatives were inactive under the conditions 
used: 2’, 3-dimethyl-4-aminoazobenzene (‘‘o-ami- 
noazotoluene’’), 2’, 3-dimethyl-4-monomethylami- 
noazobenzene, and 4’-nitro-4-dimethylaminoazo- 
benzene. 

6. The following new compounds are described : 
2’-fluoro-, 3’-fluoro-, 4’-fluoro-, 2’-trifluoromethy]-, 
3’-trifluoromethyl-, 4’-trifluoromethyl-, 2’, 4’, 6-’ 
trichloro-, and 2’, 5’-dichloro-4-dimethylamino- 
azobenzene; 2’, 3-dimethyl-4-monomethylamino- 
azobenzene and 4-formylmonomethylaminoazoben- 
zene. 
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Electrophoretic, Nitrogen, Lipide and Enzyme Studies 
of the Plasma and Plasma Fractions in Cancer* 


GeorGE H. L. Di_ttarp, H. RowLAND PEARSALL, AND ALFRED CHANUTIN 


(From the Biochemical Laboratory, Medical School, University of Virginia, Charlottesrille, Virginia) 


Electrophoretic and chemical studies of the 
plasma and plasma fractions of injured animals 
and diseased humans show marked variations from 
the respective controls (5, 6, 7, 13). The available 
information concerning the detailed changes of 
plasma proteins of patients with cancer is limited. 
This paper is concerned with the electrophoresis 
and chemistry of plasma and three plasma protein 
fractions together with data for three typical 
plasma enzymes in a group of patients with various 
types of cancer. 

METHODS 


The diagnosis for each patient is established. The 
diagnoses for the 36 cases studied are as follows: car- 
cinoma of the bronchus, 3, pancreas, 3, prostate, 9, 
stomach, 5, colon, 2, breast, 3, ovary, 1, kidney, 1, 
larynx, 1, hepatoma, 1, myelogenous leukemia, 2, and 
lymphoblastoma, 5. These cases are free of detectable 
intercurrent infection or massive necrosis of tumor tis- 
sue. The control group consists of 17 healthy young 
men. 

Fasting samples of blood (50 ml.) are drawn into 
heparin-moistened syringes and are centrifuged im- 
mediately in Lusteroid tubes. The fractionation of the 
separated plasma is begun within 30 to 60 minutes after 
the blood is collected. 

A relatively simple procedure for fractionating 
plasma is outlined in Diagram 1. 


DIAGRAM 1 
FRACTIONATION OF PLasMa! 
Plasma 


Ethanol 8%: pH 7.2; [, 2 0.04; 6° 


F Supernatant F 
ethanol 19%: pH 5.6; 
T 2 0.036; —35° 


_| 


G Supernatant G 
ethanol 40“; pH 4.8: 
| 
A Supernatant A 


1. The plasma (18 ml.) is adjusted to pH 7.2 with 
3 to 4 ml. of phosphate buffer (pH 6.4, ['/2 0.15). 
Calculated amounts of water are added, the mixture 
cooled to 0 to 1.06°, and the ethanol concentration ad- 
justed to 8 per cent with 95 per cent ethanol. The 5 
diluted plasma is stirred for 2 minutes and fraction F 
is removed by centrifuging at 0°. 

2. Supernatant F is adjusted to pH 5.6 with an 
acetate-acetic acid buffer (pH 4.0; ['/2 0.8) and suffi- 
cient 95 per cent ethanol is added to give a final con- 
centration of 19 per cent. The final volume is 5.5 & the 
original plasma volume. Fraction G is removed by 
centrifuging at —35°. 

3. Supernatant G is adjusted to pH 4.8 with about 
0.8 ml. of acetate-acetic acid buffer (pH 4.0, [2 0.4) 
and sufficient 95 per cent ethanol is added to vield a 
final concentration of 40 per cent. This represents a 
7 X dilution. 

The three fractions are dissolved in 0.85 per cent 
saline and brought to 10 ml. volumes shortly after 
precipitation. 

Aliquots of each fraction are diluted with equal 
amounts of barbiturate-NaOH buffer (pH 8.6, T. 2 0.1) 
and dialyzed against 2 liters of this buffer for 3 days in 
the cold. Electrophoresis is carried out in the Tiselius 
apparatus according to Longsworth’s modification of 
the schlieren method (11) in a micro cell of 2 ml. 
capacity.? The ascending patterns are used for analysis 
and no attempt is made to calculate mobilities. 

The plasma and fractions are analyzed for lipide 
carbon (18), cholesterol (16), and nitrogen. 


* This investigation was supported by research grants from 
the National Cancer Institute, U.S. Public Health Service, 
and from the Office of Naval Research. 


1 The first step is similar to the procedure for obtaining 
Fraction I in Method 6 of Cohn et al. (3). Most of the fibrinogen 
is thus removed and avoids the clotting that is occasionally 
observed. The second step depends on the observation made 
by Cohn and associates (4) that practically all the globulins are 
precipitated by adjusting diluted plasma to pH 5.6 and 19 
per cent ethanol at —5°. The conditions for obtaining the 
last fraction are similar to those used in Method 6 (3) for 
obtaining Fraction V. The nomenclature of plasma protein 
fractions is still confused and must await clarification by such 
workers as those at Harvard who are intensively studying this 
problem. Consequently, the 3 fractions obtained in this work 
are named F, G and A as a matter of convenience to indicate 
that fibrinogen, globulin and albumin are present in appreciable 
amounts in each of the respective fractions. 


? Purchased from Pyrocell Mfg. Co.. New York City. 
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Alkaline and acid phosphatases are estimated by 
the methods of Binkley, Shank, and Hoagland (2). 
Amylase is determined according to the procedure 
recommended by Andersch (1). The activity of these 
enzymes decreases particularly in the fractions, when 
stored at temperatures slightly above freezing. Quick- 
freezing of the samples prevents this deterioration and 
therefore all analyses are done immediately, or after 
storage in the frozen state. The nitrogen, lipide carbon, 
cholesterol content, and enzyme activities are expressed 
on the basis of 100 ml. of whole plasma. 


ELECTROPHORETIC ANALYSES OF WHOLE 
PLASMA AND FRACTIONS 
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Fic. 1.—The distribution of the protein components of 
plasma and plasma fractions of healthy young men. 


RESULTS 


Typical electrophoretic patterns and the per- 
centage distributions of the protein components 
of the plasma and 3 plasma fractions of healthy 
young men are shown in Figure 1. Fraction F 
contains most of the fibrinogen and small amounts 
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of a, 6 and y globulins. According to Morrison 
(12), most of these globulins are occluded by 
fibrinogen under the precipitation conditions. 
The greater portion of the 8 and y globulins of 
the plasma are present in fraction G. The last 
fraction probably contains a; lipoprotein, a» 
glycoprotein, the 8; metal combining protein as 
well as most of the plasma albumin. 

The electrophoretic percentage distributions of 
the protein components of the plasma and plasma 
fractions of cancer patients are shown graphically 
in Figure 2. The most striking changes noted are 
the consistently low values for albumin in the 
plasma and in fraction A and the increases in 
the fibrinogen of fraction F. 

About 75 per cent of the plasma nitrogen values 
of cancer patients are within the control range 
(Fig. 3). No correlation between the degree of 
cachexia and physical findings and the nitrogen 
concentration of the plasma is possible. About one- 
third of the values for fraction F are elevated. 
No consistently abnormal distribution for the frac- 
tion G values is seen. Approximately 80 per cent 
of the fraction A values are below the control 
range. 

The distributions of lipide carbon and choles- 
terol in plasma and in fraction G are shown in 
Figure 4. Fractions F and A contain small amounts 
of cholesterol. No explanation can be offered for 
the lipide carbon values of the plasma which fall 
outside the control range. Most of the cholesterol 
values ‘of the plasma and fraction G are in the 
lower portion or below the control range. The 
values for the per cent free cholesterol of the 
plasma are elevated in about 40 per cent of the 
patients but are not as marked in fraction G. 
The two highest values of 53 and 75 per cent are 
obtained in two cases of carcinoma of the pancreas 
with common duct obstruction. The remaining 
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Fic. 2.—The distribution of the protein components of plasma and plasma fractions 
of cancer patients. The rectangles represent the respective control ranges. 
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elevated values cannot be related to any signs of 
liver damage. 

Data for alkaline and acid phosphatase and for 
amvlase in plasma and plasma fractions are shown 
in Figure 5. The alkaline phosphatase of the plas- 
ma and fraction A is elevated in about 50 per cent 
of the cases: a greater proportion of the fraction G 
values are above the control level. It is worthwhile 
pointing out that the activity of the alkaline phos- 
phatase of fraction A is consistently greater than 
that of fraction G in each case. 

The highest values for acid phosphatase are en- 
countered in the plasmas of 5 patients with dis- 
seminated carcinoma ot the prostate. When the 
plasma values are elevated, the enzyme is gen- 
erally increased to about the same extent in frac- 
tions F and A. 

Large variations from the control range are ob- 
served in the amylase content of the plasma, 
and fractions G and A. Attempts to account for 
these changes on the basis of clinical and patho- 
logic observations are not successful. 

DISCUSSION 

It is generally concluded from electrophoretic 
studies of the plasmas of cancer patients that the 
changes observed are usually nonspecific (9, 10, 14, 
15, 17). Pearsall and Chanutin (13) conclude that 
the degree of alteration in the plasma proteins ap- 
pears to be determined by the severity of the 
disease. Generally, tissue destruction, infection, 
and cachexia are accompanied by a decrease in 
plasma albumin and usually by an increase in 


fibrinogen and possibly other globulins. The elec- 
trophoretic, nitrogen and lipide analyses of plasma 
fractions in these experiments do not aid in dis- 
tinguishing cancer from other diseases. 
Greenstein (8) has pointed out that alkaline 
phosphatase is elevated in metastases to bone and 
in lymphoid disease. In the present study increases 
in the activity of this enzyme are observed in all 
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Fig. 3.—The distribution of protein nitrogen in the plasma 
and three plasma fractions of cancer patients. The rectangles 
represent the control ranges. 
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Fic. 4.—The distribution of lipide carbon in plasma and choles- 


terol in plasma and Fraction 


lobulin™ in cancer patients. The 
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cases with bone metastases and in 4 of the 7 cases 
with lymphoid malignancies. The marked changes 
in acid phosphatase are limited to disseminated 
carcinoma of the prostate. The amylase activity of 
the plasma and its fractions is too varied for in- 
terpretation. It appears that cachexia is not neces- 
sarily a factor in determining the changes in 
amylase concentration. 


SUMMARY 


Methods are outlined for fractionating small 
volumes of plasma into fibrinogen, globulin, and 
albumin-rich fractions by the low temperature- 
ethanol procedures. 

Electrophoretic, nitrogen, lipide carbon, choles- 
terol and enzyme analyses of the plasma and three 
plasma fractions of 17 healthy young men and of 
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Fic. 5.—The distribution of three enzymes of plasma and three plasma fractions 
of cancer patients. The rectangles represent the control ranges. 


36 patients with carcinoma of the prostate, stom- 
ach, pancreas, bronchus, breast, colon, ovary, and 
larynx; lymphoblastoma, myelogenous leukemia, 
and hepatoma are presented. The electrophoretic 
and nitrogen analyses show: (a) a consistent de- 
crease in albumin, (b) an increase in fibrinogen, 
and (c) few significant changes in the globulin 
components. The changes in the lipides of plasma 
and its fractions are due to cachexia or hepatic 
involvement. The distributions of the alkaline and 
acid phosphatases and amylase of plasma fractions 
are discussed. 

The results presented for the plasma protein 
fractions do not yield information which is of value 
in the diagnosis of cancer. 
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The Protease and Antiprotease of Plasmas of 
Patients with Cancer and Other Diseases* 


GeorceE H. L. DiLLarp AND ALFRED CHANUTIN 


(From the Biochemical Laboratory, Medical School, University of Virginia, Charlottesville, Va.) 


MacFarlane and Biggs (5) recently reviewed the 
literature dealing with the plasminogen-plasmin, an 
active proteolytic enzyme and an antiprotease 
which are present in plasmas in health and dis- 
ease. Satisfactory quantitative data for the plas- 
minogen-plasmin relationship and for the spon- 
taneously active proteolytic enzyme in disease are 
limited. Although the antiprotease has been 
studied rather extensively, its relationship to the 
proteolytic enzymes is not well established. 

The active proteolytic enzyme observed in the 
plasmas of diseased individuals has been desig- 
nated chiefly as fibrinolysin and “‘plasmin.”’ The 
characterization of this enzyme is inadequately 
defined. With a few exceptions (5), the results ob- 
tained for the activities of this proteolytic enzyme 
in the plasmas of patients cannot be considered as 
quantitative. 

Von Dungern (2) first attempted to determine 
the trypsin inhibitor quantitatively in the plasmas 
of patients with osteomyelitis. Subsequently, 
many observations have been made on antipro- 
tease with a variety of procedures. It is generally 
agreed that this inhibitor is increased in a large 
variety of diseases (3, 4). Christensen (1) studied 
the kinetics of the inhibitor-crystalline trypsin re- 
action and was able to develop a well standardized 
procedure for determining inhibitor activity. 

This investigation is concerned with the plas- 
min, spontaneously active proteolytic enzyme and 
antiprotease activities of the plasmas of patients 
(a) shortly after admission and usually before ther- 
apy is instituted, and (b) at intervals after opera- 
tion or during therapy. 


EXPERIMENTAL 


Plasma was separated by centrifuging the oxa- 
lated blood of fasting subjects. The plasmas of 3 
groups were analyzed: (a) healthy male medical 
students; (b) patients with about 20 different 
types of cancer; (c) patients with acute bacterial 
and virus diseases and a variety of chronic dis- 


° This investigation was supported by research grants from 
the National Cancer Institute, U.S. Public Health Service. 


eases. The diagnosis in each cancer case was con- 
firmed by histologic examination. 

The procedure described by Ratnoff (6) for de- 
termining chloroform activated plasmin was used 
except for the initial buffering of the casein sub- 
strate. Casein was dissolved in 0.85 per cent saline 
buffered with M/20 phosphate at pH 7.4. 

The spontaneously active proteolytic enzyme is 
designated as proteolysin in this paper. It is pres- 
ent in the euglobulin precipitate which is obtained 
by diluting plasma 20 times with distilled water, 
adjusting the pH to 5.2 with acetic acid and cen- 
trifuging. The precipitate representing 2 ml. plas- 
ma is dissolved in the buffered saline-phosphate 
and brought to a 5 ml. volume. The activity of a 
2 ml. aliquot is determined after a 1 hour incuba- 
tion with an equal volume of the buffered casein 
substrate. 

The trypsin inhibitor (antiprotease) is found in 
the euglobulin supernatant. The details of the pro- 
cedure for determining this inhibitor are outlined 
since they represent modifications of a number of 
methods, particularly those of Christensen. The 
supernatant is diluted serially with buffered saline 
at pH 7.4, and 1 ml. aliquots are incubated for 10 
minutes with 1 ml. of a standard solution contain- 
ing 0.02 mg. crystalline trypsin.! At the end of this 
time 2 ml. of 0.3 per cent buffered casein are added 
and incubated at 37° C. for 15 minutes. Digestion is 
stopped by adding HCl and sulfosalicylic acid to 
1 ml. of the inhibitor digestion mixture according 
to Ratnoff (6). The turbidity is read in a Klett- 
Summerson colorimeter. The values for a mini- 
mum of 6 different dilutions of a plasma are plotted 
and a sigmoid curve is obtained. The inhibition 
unit represents the amount of a plasma which 
causes a 50 per cent inhibition in the digestion of 
0.3 per cent buffered casein by 0.02 mg. crystalline 
trypsin. 

RESULTS 

Measurements of the plasmin, proteolysin, and 

trypsin inhibitor in cancer and miscellaneous dis- 


1 Worthington Biochemical Laboratory product containing 
approximately 50 per cent MgSO.. 
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eases are shown graphically in Figure 1. These 
patients were studied shortly after admission to 
the hospital. The control ranges represent the 
limits of variation in 16 normal subjects. The 
chloroform activated plasmin values of one half 
of the cancer cases and 37 per cent of the other 
cases are elevated. The proteolysin values for 30 
of the 33 patients with cancer are above normal; 
the 3 values within the control range are obtained 
in patients with (a) chronic myelogenous leukemia, 
(b) multiple myeloma, and (c) a small squamous 
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Fic. 1.—Distribution of plasmin, proteolysin and trypsin 
inhibitor in the plasmas of patients shortly after admission to 
hospital and before therapy. Hatched areas represent the con- 
trol ranges. 


cell carcinoma of the lip. In the miscellaneous 
diseases, 26 of the 31 values for proteolysin are 
elevated; the cases in the normal range represent 
non-inflammatory disorders. The increased pro- 
teolysin activities may be roughly correlated with 
evidence of tumor necrosis or with inflammatory 
processes. The trypsin inhibitor values are ele- 
vated in 76 per cent of the 39 cancer cases and 90 
per cent of the 45 cases of miscellaneous diseases. 
The 4 subnormal values of the cancer group are 
seen in 2 cases of multiple myeloma, an early case 
of carcinoma of the breast and an early untreated 
case of Hodgkin’s disease. A third patient with 
multiple myeloma has a normal inhibitor value. 
All elevated inhibitor values are observed in pa- 


tients showing evidence of tissue destruction or 
inflammation. 

All elevated proteolysin activities are plotted 
against their respective inhibitor values in Figure 
2. In all cases in which both the proteolysin and 
inhibitor values are elevated, well established evi- 
dence of tissue breakdown is present. The normal 
or subnormal inhibition values which are observed 
in patients with elevated proteolysin activities are 
difficult to interpret. 

The proteolysin and trypsin inhibitor values 
were determined at various intervals after opera- 
tion or after instituting therapy in 30 selected pa- 
tients. The cases are divided into the following 4 
groups: (a) partial surgical removal of cancerous 
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Fic. 2.—A plot of the respective proteolysin and trypsin in- 
hibitor values in plasmas of patients shortly after admission to 
hospital and before therapy. 


tissue: (b) complete surgical removal of the tu- 
mor; (c) pneumonia under penicillin therapy; 
and (d) various chronic diseases. Typical changes 
observed in each group are shown in Figures 3 
and 4. 

Partial removal of tumor tissue does not affect 
the proteolysin activity during the first 3 weeks 
following surgery. The trypsin inhibitor values 
increase in these cases (Fig. 3). 

The proteolysin activity of the plasma dropped 
to zero within one week after removal of the 
urinary bladder in 2 cases of carcinoma of the 
bladder and after excision of an epidermoid carci- 
noma of the buccal mucosa in a third patient 
(Fig. 3). A similar pattern was observed after 
pneumonectomy for bronchiogenic carcinoma. The 
values for the 2 cases with initially elevated in- 
hibitor values are not affected, while an initially 
low value is increased after operation. 

The changes in proteolysin and inhibitor in 3 
patients with pneumococcal pneumonia treated 
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with pencillin are shown in Figure 4. It is seen 
that the proteolysin disappears during the afebrile 
stage while the inhibitor concentration increases 
during this period. One patient recovering from 
pneumonia developed a chill and temperature of 
103° F. on the ninth afebrile day. A high proteolysin 
activity of the plasma appeared within 10 hours 
following the chill and disappeared 24 hours later 
when the temperature was normal; the trypsin 
inhibitor concentration was not affected. 

The data for 3 patients with chronic diseases 
are shown in Figure 4. (a) The edema disappeared 
and a slight trace of proteinuria was present 2 
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Fic. 3.—The proteolysin and trypsin inhibitor activities in 
plasmas in patients after surgery. 


weeks after tonsillectomy in Miss D who was ad- 
mitted with glomerulonephritis; at the time of 
improvement, the proteolysin disappeared, but 
the inhibitor concentration remained high. (b) A 
young woman (C) with rheumatic fever (joints) 
showed no clinical improvement during salicylate 
administration; both the proteolysin and the in- 
hibitor concentrations remained elevated. (c) A 
35 year old man (R) with early miliary tuberculo- 
sis was treated with streptomycin and gradually 
improved during the 4 week period of observation; 
the proteolysin activity gradually decreased and 
was no longer present at the end of 3 weeks, but 
the inhibitor concentration remained elevated. 


DISCUSSION 


Chloroform activated plasmin is not a reliable 
measure for the plasma protease content (1, 6). 
Attempts to correlate the plasmin concentrations 
with the plasma protease (proteolysin) or with the 
tryspin inhibitor are unsuccessful. 

The proteolysin and trypsin inhibitor values are 


elevated in practically all patients with malig- 
nancy and in the febrile stage of disease. During 
the course of frequent studies in individual pa- 
tients, it becomes apparent that the proteolysin is 
a comparatively sensitive indicator of the effec- 
tiveness of treatment or the progress of disease. 
The protease content of the plasma disappears 
after successful therapy and remains elevated if 
the patient does not respond to surgery or drugs. 
The determination of this enzyme may be a useful 
guide for determining the progress of a patient’s 
recovery. 

The rapid increase in proteolysin concentration 
probably reflects the presence of a tissue product 
which is a stimulant to enzyme formation, or per- 
haps represents an in vivo activation of plasmino- 
gen. A fairly good correlation between the pro- 
teolysin and elevated temperature may be ob- 
tained. The elevated values observed in cancer 
cases are probably associated with tumour necro- 
sis. The removal of the abnormal stimulus by 
surgery or therapy is accompanied by a rapid 
disappearance of the proteolysin. 
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Fic. 4.—The proteolysin and trypsin inhibitor activities in 
plasmas of patients with pneumonia and chronic diseases. 


The trypsin inhibitor concentration increases 
following acute infections and surgery, but the 
rise is not as rapid as that seen for proteolysin. The 
inhibitor returns to the normal range slowly. In 
2 patients, one recovering from bronchopneumo- 
nia and another recovering from a subphrenic 
abscess following appendectomy, the inhibitor val- 
ues returned to the control range 3 weeks after 
their temperatures were normal. It appears that 
this inhibitor is associated with the destruction 
and resolution of tissue. 


SUMMARY 
The activities of choroform activated plasmin, 
spontaneously active protease (proteolysin) and 
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trypsin inhibitor of the plasma of healthy young 
men and of patients with cancer and with a vari- 
ety of acute and chronic diseases were determined. 

Observations made on a group of patients 
shortly after admission to the hospital showed 
elevated values for the proteolysin and trypsin 
inhibitor in most cases. No relationship between 
plasmin, proteolysin, and inhibitor concentrations 
could be established. 

Periodic analyses of the proteolysin and trypsin 
inhibitor were made on patients (a) after incom- 
plete removal of cancer, (b) after complete re- 
moval of cancer, (c) during recovery from pneu- 
monia, and (d) with a variety of chronic diseases. 
The proteolysin concentration dropped to zero 
soon after complete surgical removal of a cancer, 
and in other cases after successful therapy or sur- 
gery. The tryspin inhibitor remained elevated for 
an appreciable period. 

The appearance of proteolysin in plasma is as- 
sociated with necrosis and with inflammatory 


processes accompanied by elevated temperatures. 
The trypsin inhibitor concentration remains ele- 
vated in patients who have been operated on and 
in those whose tissues are undergoing readjust- 
ment to the normal state. 

The significance of the changes noted in the 
plasmas of diseased individuals is discussed. 
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Antigenic Properties of Nuclei Segregated from 
Spleens of Normal and Leukemic Mice’ 


KrisTEN ARNESEN,? YVETTE GOLDSMITH, AND 
ANNA Dean 


(From the Sloan-Kettering Institute for Cancer Research, New York 21, New York) 


Various procedures have been described for the 
segregation of nuclei from mammalian tissues 
(1, 2, 3, 4, 5, 6). These methods are based on a 
mechanical breakdown of the cells suspended in 
aqueous solutions of citric acid, with subsequent 
separation of the nuclei by centrifugation at dif- 
ferent speeds. 

In our work with mouse spleens we have inves- 
tigated other reagents but so far, we have not been 
able to obtain isolated nuclei without the addition 
of citric acid. Physiological saline solution is un- 
satisfactory since the unbroken cells, nuclei, and 
cytoplasmic granules agglutinate making it im- 
possible to separate these fractions by differential 
centrifugation. Potassium chloride, of the same 
molar concentration as the sodium chloride, like- 
wise proved unsuitable. 

Various concentrations of sucrose have been 
used. We have found that nucleoprotein is ex- 
tracted from the nuclei in both 8.5 per cent (iso- 
tonic) and 30 per cent sucrose solutions. When the 
tissue suspensions were homogenized initially in 
the sucrose solutions and centrifuged, the sedi- 
ment was found to be held in a gel which could be 
dissolved in molar sodium chloride solution. Upon 
subsequent centrifugation and dilution of the 
supernate to constitute a 0.14 molar NaCl solu- 
tion, a fibrous precipitate formed. This stained 
with methyl green and was therefore presumed to 
consist of desoxyribose nucleoprotein (7). The ad- 
dition of very small amounts of citric acid to the 
sucrose solution prevented the extraction of nu- 
cleoprotein, as judged by the above criterion. 

Relatively more citric acid was required for the 
isolation of nuclei from the leukemic than from the 
normal tissues. A concentration of M/150 to M/125 


; * This study was supported by grants from the Office of 
Naval Research and the James Foundation of New York, Inc. 


_ ft Honorary Fellow of The American-Scandinavian Founda- 
tion. Permanent address: Institute of Pathology, University of 
Oslo, Norway. 


~ Permanent address: Institute of Pathology, University of 
Tennessee, Memphis, Tenn. 


citric acid, however, proved satisfactory for both 
types of tissue. Furthermore we have found that 
the citric acid is necessary only in the first homoge- 
nization process. Free nuclei may then be collected 
in later steps and washed in sucrose solution with- 
out apparent loss of nucleoprotein. 

The method described here is a modification of 
the procedure recommended by Dounce (2, 3, 4) 
which we have adapted to small amounts of tissue. 
Isotonic sucrose has been substituted for distilled 
water as a diluent for the citric acid, and the same 
concentration of sucrose has been used for all 
washings of the nuclei. 


Preparation of Nuclei.—Nuclei were isolated from the 
spleens of normal and leukemic mice of the AKm stock. 
The leukemia was a lymphatic strain designated #9421 
which was carried by intraperitoneal transfer of leu- 
kemic spleen tissue. The animals were killed by cervical 
fracture, the spleens removed immediately and chilled. 
To one gram portions of tissue were added 5 ml. of M/ 
125 citric acid in 8.5 per cent sucrose solution. Each por- 
tion was homogenized for 5 minutes. This and all subse- 
quent procedures were carried out at temperatures 0 to 

The homogenates were filtered through gauze and 
centrifuged for 20 minutes at 600 X g. The supernates 
were discarded and the sediments suspended in an 
amount of 8.5 per cent sucrose solution, without citric 
acid, which was equal to the original volume. Even sus- 
pensions were obtained by homogenizing for a few sec- 
onds. Subsequently the preparations were centrifuged 
for 15 minutes at 300 X g., 10 minutes at 200 X g., and 
5 minutes at 100 X g. After each centrifugation the 
sediments were resuspended in the initial volume of 8.5 
per cent sucrose solution, but without citric acid. Centrif- 
ugation for 5 minutes at 100 X g. was repeated until 
the supernates were clear, or only very slightly opaque, 
and relatively free of cvtoplasmic material, as judged by 
microscopic examination after staining with Janus 
Green B. 

After the centrifugations were completed, the suspen- 
sions were allowed to sediment in narrow cylinders for 
30 minutes. Most of the remaining unbroken cells set- 
tled out on the bottom of the cylinder. The upper 95 
per cent of the preparation was aspirated and the sedi- 
mentation in the narrow cylinders repeated 2 or 3 times. 


669 


> & 
; 
* 
is 
‘a 
v3 
. 
Ea? 
s 
i 
: 
a 
4 te 
| 


670 


Cancer Research 


Microscopic examination of the final suspensions, 
stained with Janus Green B, indicated that the nuclei 
retained their typical morphologic characteristics and 
in general, were free of cytoplasmic material. However, 
some of them showed minute cytoplasmic tags. 

The nuclei were then counted in a haemocytyometer 
and the suspensions diluted to 200 million nuclei per 
1 mi. —\ distributed in ampoules which were stored at 
—20" C. 

The desoxyribose nucleic acid (DNA), pentose nu- 
clei acid (PNA), and nitrogen (N) contents of each of 
these preparations were determined.! The results are 
given in Table 1. 


TABLE 1 
SHOWING THE CONTENT OF DNA, PNA AND N IN MGM/ML 


AS WELL AS THE PNA/DNA RATIO IN THE SUSPENSIONS 
OF NORMAL AND LEUKEMIC SPLEEN NUCLEI 


NITRO- 

DNA PNA PNA/DNA GEN 
N ormal! nuclei 1.316 0.098 0.07 1.008 
Leukemic nuclei 1. 246 0.411 0.33 1.116 


It is apparent that the DNA and N values of 
the normal and leukemic spleen nuclei suspensions 
do not differ significantly. In contrast the PNA of 
the leukemic nuclei is more than 4 times that of the 
normal. In general, these quantitative differences 
between the PNA values of the normal and leu- 
kemic spleen nuclei are in accordance with those 
reported by Petermann, Alfin-Slater, and Larack 
for the “nuclear fraction” (8). 

Serologic Studies—The normal and leukemic 
nuclei suspensions were diluted to contain 0.1 mg. 
nitrogen in 1 ml., and injected intravenously into 
6 rabbits. Six injections of 1 ml. were given to each 
animal at intervals of 2 or 3 days. One week after 
the last injections the rabbits were bled and the 
sera of each group used for serologic tests. 

Complement fixation tests were carried out ac- 
cording to the technique described in a previous 
paper (9). For the tests the nuclei suspensions 
were diluted to a nitrogen content of 0.0055 mg. 
per ml. Thus the nitrogen values of the nuclei 
antigens used for immunizing purposes and in com- 
plement fixation tests were the same as those of 
the cytoplasmic fractions, 7.e., the M (mitochon- 
dria) and P (submicroscopic particles) (10). This 
was done in an effort to compare the antigenic 
properties of the various cell fractions as stand- 
ardized by nitrogen content. The results of the 
complement fixation tests are given in Table 2. 

As shown in Table 2 the nuclei preparations 
proved to be poor antigens in that they stimulated 
the development of anti-nuclei antibodies of low 

' The nucleic acid analyses were carried out in Dr. M. L. 
Petermann’s laboratory by Miss A. M. Larack. The nitrogen 


analyses were done in Dr. G. B. Brown’s laboratory by Mr. 
R. C. Funk, Jr. 


titers. No serologic specificity was demonstrated 
since both the normal and leukemic antisera ex- 
hibited almost identical titers for the normal and 
leukemic nuclei antigens. Interestingly both of the 
anti-nuclei sera gave cross reactions with the 
cytoplasmic fractions from both normal and leu- 
kemic spleen which were of higher order than 
those obtained with the nuclei antigens. The titers 
for the cytoplasmic antigens were 2 to 4 times 
those for the nuclei antigens. In contrast the titers 
of the anti-cytoplasmic sera for the nuclei antigens 
were significantly lower than those obtained for 
the homologous M and FP fractions segregated 
from spleen cells. 

Pollister and Leuchtenberger (11) have recently 
pointed out that considerable amounts of non- 
histone protein and nuclear enzymes are lost dur- 
ing the procedure of isolating nuclei. We recognize 
the possibility that the antigenic properties of nu- 
clei preparations may be modified during any 1so- 
lation process. There is also evidence that nucleo- 
proteins per se are poor antigens (12). Maculla (12) 
shows that the antisera to spleen nucleoproteins 
gave substantially higher titers with the homolo- 
gous residue and extract fractions than with the 
nucleoprotein antigens. 

Our data from serological tests therefore sug- 
gest one of the following conclusions: a) Nuclei pre- 


TABLE 2 


SHOWING THE TITERS OF THE ANTI-SERA TO THE 
‘VARIOUS SPLEEN CELL FRACTIONS FOR THE 
NUCLEI AND CYTOPLASMIC ANTIGENS 


CreLL FRACTION ANTIGENS 


Nor- Nor- Nor- 
mal Leuk. mal Leuk. mal Leuk. 
ANTI-SERA nuclei nuclei’ mito. mito. P-1 P-1 
Normal nuclei 40 40 160 80 160 = 160 
Leukemic nuclei 80 80 160 160 320 =. 20 
Normal mitochon- 80 80+ 640 640+ 640 640 
dria 
Leukemic mito- 80 80+ 640 1280 640 640 
chondria 
Normal P-1 40 40+ #80 160 80 §=160 
Leukemic P-1 40 80 160 320 160 320 


pared according to a modified Dounce method are 
poor antigens as compared with the cytoplasmic 
particles of the same cell, and judged by the titers 
of antibodies elicited; b) The cross reactions ex- 
hibited between the anti-nuclei sera and cytoplas- 
mic fractions, as well as those occurring between 
the anti-M and anti-P sera and nuclei antigens, are 
either due to “contaminated antigens” or to shar- 
ing of antigenic components by the cytoplasmic 
and nuclei fractions. By “contaminated antigens” 
we refer to the possible adsorption of nuclear ma- 
terials on the M and P particles during the segre- 
gation process, or of cytoplasmic particles on nu- 
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clei. The possibility that the nuclei might carry 
residual cytoplasmic tags must also be considered. 
Adsorption of the anti-nuclei sera with mitochon- 
dria did not reduce significantly the titer for these 
antigens in subsequent complement fixation tests. 
This suggests that the nuclei were not grossly con- 
taminated with cytoplasmic constituents which 
could have explained the formation of anti-cyto- 
plasmic antibodies. Whatever the explanation, it is 
evident that the cytoplasmic elements of the cell 
are the dominant antigens. 


SUMMARY 


Nuclei have been isolated from spleens of nor- 
mal and leukemic mice by use of a modified 
Dounce procedure. These nuclei are relatively pure 
as judged by morphologic and staining criteria. 
Such nuclei preparations are poor antigens in that 
very low titers of antibodies to nuclei are produced 
upon immunization of rabbits. Antigenic specifi- 
city was not demonstrated through use of the com- 
plement fixation test. Cross reactions between the 
nuclei and cytoplasmic fractions were demonstrat- 
ed in complement fixation tests. Cytoplasmic frac- 
tions from the same spleen cells were found to be 
superior antigens. 
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A Correlation of Fluorescence of Human Urine 
with Benign and Malignant Growth 


Haroip M. Rasinowirz, M.D. 


(From the Research Division, Department of Surgery, Maimonides Hospital, Brooklyn, New York) 


In 1869 Jaffe (1) noted that normal urine ex- 
hibited a blue-green fluorescence on exposure to 
ultraviolet radiation. Subsequently attempts were 
made to investigate the relation between the out- 
put of fluorescent substances and that of other 
urinary constituents in human urine. In this con- 
nection Squires and Jeffree (2) investigated the 
fluorescence of urine by means of a simple form of 
ultraviolet fluorophotometer. Within certain lim- 
its of dilution, the intensity of fluorescence is pro- 
portional to the concentration of the fluorescent 
substance. Based upon this principle, a series of 
extended observations on eight individuals was 
completed. The results indicated that the daily 
output of fluorescent material was independent of 
the volume of urine excreted and bore no close re- 
lation to that of the familiar urimary constituents. 

The purpose of this communication is to report 
the studies of fluorescent intensity of a blue fluores- 
cent substance and a red fluorescent substance re- 
spectively present in human urine, their relation to 
each other, and their significance in normal, be- 
nign, and malignant growth. Values of fluorescent 


intensity of the blue fluorescent substance and the 


red fluorescent substance will be expressed as gal- 
vanometer readings (arbitrary units) and desig- 
nated as B values for the blue fluorescent factor 
and R values for the red fluorescent factor respec- 
tively, and their relation to each other as B:R 
ratio. The B and R values and B:R ratios on sam- 
ples of 24 hour urines were determined on three 
groups of cases: a). Controls comprising cases free 
of benign or malignant growth in good health and 
those free of benign or malignant growth with as- 
sociated ailments; 6). Proven cases of benign 
growth including pregnancy; c). Proven cases of 
malignant growth. 


PROCEDURE 


Apparatus: Phaltz & Bauer Fluorophotometer, 
Corning Red Filters #2412, Corning Blue Filters 
#5543, glass cuvettes, glass standard B,, 85 watt 
mercury capillary are lamp AH3 with light range 
3100 to 4200 millimicrons, ultra violet filter £5840. 

Ingestion of drugs and vitamins was avoided 


for 48 hours previous to collection of 24 hour 
urine. Receptacle for collecting urine was washed 
clean with warm water exclusively, as soaps con- 
tain fluorescent substances. Cases with markedly 
impaired kidney function, liver damage, and jaun- 
dice were precluded. Urine containing pus or other- 
wise unduly turbid was also precluded. Collected 
urine was kept in a cool place or refrigerator. 

Total amount of urine collected over a period of 
24 hours in this series of cases was 950 cc. + 25 ce. 
It was thoroughly mixed, and a 4 ounce sample 
was taken for assay. Seventeen c.c. of the clear 
supernatant fluid of the 4 ounce sample was poured 
into a rectangular cuvette, the capacity of which 
is 20 c.c. The glass standard B,; and the Corning 
Blue Filter #5543 were inserted into provided rec- 
tangular slots. By means of a lever with scale and 
indicator connected with the iris diaphragm, light 
intensity was adjusted to a reading of 50 on the 
galvanometer scale. The glass standard B,; was > 
then removed, and replaced by the cuvette con- 
taining the clear supernatant fluid and a reading 
was taken on the galvanometer scale for blue 
fluorescent intensity. The cuvette was then re- 
moved and replaced by the glass standard B,; and 
the light intensity again adjusted to a reading of 
50 on the galvanometer scale, following which the 
glass standard B, and the Corning Blue Filter were 
removed from their respective slots and replaced 
by the Corning Red Filter #2412 and the Cuvette 
containing the sample of clear supernatant fluid, 
following which a reading was taken on the gal- 
vanometer scale. Light intensity adjustment was 
made for each determination. Strict attention to 
cleanliness of the filters and cuvettes is paramount 
before determinations are undertaken. 


RESULTS 


Controls —The control group comprised 150 
cases of which 100 enjoyed good health and were 
free of benign or malignant growth and 50 cases 
were free of benign or malignant growth with as- 
sociated common ailments. The results of studies 
of the R values (red fluorescent substance) in the 
control group (Fig. 1) indicated a maximal value 
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for the R factor of 2.0. The values for the B factor 
(blue fluorescent substance) covered a wide range 
of flux and the result of the studies of the relation 
of the B values to the R values in this group indi- 
cated a minimal B:R ratio of 6.0:1.0. Associated 
ailments did not alter the R and B values to any 
significant degree. In a group of 50 cases in the 
control group (Fig. 1) the R values were below 1.5 
and the B values correspondingly low with a pre- 
ponderance of B:R ratios of 6.0:1.0. The signifi- 
cance of the above values and of the minimal B:R 
ratio of 6.0: 1.0 in the control group will be clarified 
when compared with the R and B values and the 


maximal R value of 2.0 indicated in the control 
group, and the B values were outstandingly higher 
than those of the control group with resultant 
B:R ratios significantly greater than those of the 
control group. In a group of 21 pregnancy cases 
(Fig. 1) the R values were significantly raised 
above the optimal R value of 2.0, indicated in the 
control group and the B values were proportion- 
ately raised with resultant higher B: R ratios than 
the control group, thus paralleling the benign 
growth group. Samples of amniotic fluid from 10 
normal delivery cases presented R values markedly 
raised above 2.0, (the maximal value of the control 


R- below 1.5 | 


990 0% 
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Re Fluorescent Intensity of Red Fluorescent Foctor 
Bo Fluorescent intensity of Blue Fluorescent Factor 


Fic. 1.—Comparative R and B values in normal, benign growth including pregnancy and malignancy 


B:R ratios of the benign and malignant growth 
groups respectively. Additional determinations 
for R and B values and B: R ratios were made upon 
a group of 20 cases, ranging over a period of from 
2 to 14 years following radical resections for malig- 
nant lesions. All enjoyed good health, with no evi- 
dence of local recurrence or metastasis. The R 
and B values and B:R ratios paralleled the con- 
trol group. 

Benign growth and pregnancy.—In a group of 91 
cases (Fig. 1) with proven benign growths com- 
prising fibroid uteri, adenomas and polyps of the 
gastrointestinal tract, uterine polyps, hyper- 
trophied prostate, fibroadenomas of the breast, 
cystic mastitis, benign tumors of the ovary, endo- 
metriosis, benign tumors of bone, pituitary ade- 
noma, and thyroid adenomas, the R values were 
consistently and significantly raised above the 


group), and the B values were correspondingly 
raised with B:R ratios paralleling the benign 
growth group. The presence of R and B factors in 
amniotic fluid with values paralleling the benign 
growth group aroused considerable interest as the 
urinary constituents of amniotic fluid are shared 
by both the fetal kidney and placenta and was 
likewise singularly revealing since the placenta 
acts as a barrier to most foreign substances. The 
elevated R values above the indicated maximal 
value of 2.0 of the control group and the propor- 
tionate and consistently raised B values and B:R 
ratios were outstanding in both benign growth 
group and pregnancy group. 

Malignancy.—In a group of 101 cases with 
proven malignant growth (Fig. 1) comprising 
malignancies of the gastrointestinal tract, lung, 
thyroid, uterus, prostate, ovaries, breast, bone, 
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acute lymphatic leukemia and lymphosarcoma, 
the results of the studies indicated that the R 
values were strikingly raised above the maximal 
value of 2.0 of the control group, whereas the B 
values were strikingly depressed with resulting 
low B:R ratios, less than 5.0:1.0, the indicated 
minimum B:R ratio of the control group being 
6.0:1.0. 

Relation of R and B values to altered growth.— 
The indicated maximal level of the R factor in the 
control group was 2.0, whereas in benign growth, 
pregnancy and malignant growth, the level of the 
R factor was consistently and significantly ele- 
vated above 2.0. The B values in the control 
group were correspondingly raised or lowered pro- 
portional to the level of the R values. For example, 


ratios of the control, benign growth and pregnancy 
group. 

Table 1 presents a comparative tabulation of the 
R and B values and B:R ratios of cases affected 
with benign and malignant growths respectively, 
in homologous organs, and clearly indicates that 
the contrasting R and B values and B:R ratios in 
benign and malignant growth respectively follow 
a definite and similar pattern regardless of the 
type of organ affected. 

On the basis of approximately 1500 determina- 
tions of R and B values and B:R ratios on 400 
cases, comprising normal, benign including preg- 
nancy and malignant growths, the results of the 
data indicated the following: in the control group. 
a minimal B:R ratio of 6.0:1.0 and a maximal R 


20 
Malignant Growth — 
Benign Growth and 
IS - Pregnancy 
\ Normal Growth 
I 
O 10: 
/ 
|| 
5 - | 
B:RRatio O 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 


Fic. 2.—Comparative B : R ratios in normal, benign including pregnancy, and malignant growth 


in a group of 50 cases in the control group (Fig. 1) 
the R values were below 1.5 and the B values were 
correspondingly low, while in the remaining cases 
of the control group, in which the R values ranged 
from 1.5 to a maximum of 2.0 the B values indi- 
cated correspondingly greater levels proportional 
to the values of the R factor. Likewise the B values 
were markedly elevated in the benign and preg- 
nancy group (Fig. 1) proportional to the levels of 
the R values which were consistently elevated 
above 2.0. In striking contrast, the B values in the 
malignant growth group (Fig. 1) were markedly 
depressed though the R values were elevated re- 
sulting in a depressed B:R ratio of less than 5.0: 
1.0, the indicated minimum B:R ratios of the con- 
trols, benign growth and pregnancy being 6.0: 1.0. 

Figure 2 represents a plotted graph of the B:R 
ratios of controls, benign growth including preg- 
nancy, and malignant growth groups and indicates 
graphically the low B:R ratios of the malignant 
growth group in contrast to the elevated B:R 


value of 2.0; benign growth group including preg- 
nancy, a minimal B:R ratio of 6.0:1.0 and R val- 
ues greater than 2.0; malignant growth group, 
B:R ratios less than 5.0:1.0 and R values greater 
than 2.0. 

Diagnostic accuracy.—Neoplastic diseases of 
known low grade of magnitude comprising 4 cases 
of Hodgkin’s disease, 2 cases of chronic lymphatic 
leukemia, 1 case each of reticulum cell tumor and 
giant cell sarcoma presented R and B values and 
B:R ratios within the range of the control group. 

In the course of routine determinations, 6 
eases of cirrhosis of the liver with liver damage 
confirmed by liver function tests and blood chem- 
istries, and free of malignancy, presented high R 
and low B values and B:R ratios less than 5.0:1.0 
which are within the range of the malignant 
growth group. The altered R and B values and 
B:R ratios reverted to values within the range of 
the normal or benign growth groups after appro- 
priate treatment for cirrhosis, such as high protein 
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and low fat diet. Two cases of infectious hepatitis 
with reversal of albumin globulin ratios and evi- 
dence of liver damage presented B:R ratios of less 
than 5.0:1.0 similar to that in the malignant 
growth group. They reverted to values within the 
range of the control or benign growth groups fol- 
lowing appropriate treatment. Two cases of severe 
toxemia of pregnancy and preeclampsia with 
liver damage and reversal of albumin globulin 
ratio presented B:R ratios of less than 5.0:1.0, 
and elevated R values similar to those of the malig- 
nant growth group, and reverted to benign growih 
group values following emptying of the uterus. 
Apparently, altered R and B values and B:R 
ratios within the range of the malignant growth 
group are associated with liver damage in cirrhosis 
of the liver, infectious hepatitis, and severe toxe- 
mia of pregnancy and are reversible when amen- 
able to appropriate treatment. In the proven 
malignant growth group the R and B values and 
B:R ratios are irreversible except by radical sur- 
gery or radiation. It may be pointed out that liver 
damage was the common outstanding factor in all 
these cases. In a small group of 10 cases one can 
hardly make deductions or come to any definite 
conclusions. Studies of liver function tests in liver 
damage associated with cirrhosis, infectious hepa- 
titis, toxemia of pregnancy and other forms of 
liver damage with parallel determinations of R 
and B values and B:R ratios on a large group of 
cases may shed some light on the mechanism by 
which R and B values and B:R ratios are altered 
in liver damage. Such values could only be deter- 
mined at this time in the absence of jaundice. 

In the follow up of 22 cases over a period of one 
year following radical surgery for widely diversi- 
fied malignant lesions, a few observations of in- 
terest were noted. For example, R and B values 
and B:R ratios within the range of the malignant 
growth group preoperatively, persisted post-oper- 
atively as long as four to eight weeks before the 
values reverted to those of the control group. In 
others, benign growth group values preceded the 
ultimate reversion to control group values post- 
operatively and in two cases of subtotal gastrec- 
tomy for adenocarcinoma of the stomach, post- 
operative R and B values and B:R ratios similar 
to those of the normal or control group persisted 
for 12 months and 20 months respectively, during 
which time they enjoyed good health and subse- 
quently presented elevated R values and depressed 
B values and low B:R ratios with accompanying 
clinical and x-ray evidence of metastases and local 
extension. 

From these observations, one is inclined to as- 
sume that the pattern of the R and B values and 


B:R ratios parallel the postoperative clinical 
course and indicate the reversion of malignant 
values to the normal and similarly, the transition 
from the normal to autonomous invasive growth. 
Greenstein (3) reported a most comprehensive and 
painstaking comparative study of enzyme activity 
in normal tissue on the one hand and completely 
malignant tissue on the other, and stated that, 
‘The intermediate forms have not been studied as 
yet because it is not known just at what point the 
malignant process intervenes.” A planned statisti- 
cal study of the R and B values and B: R ratios in 
samples of 24 hour urines may lend itself to the 


TABLE 1 


COMPARATIVE R AND B VALUES AND B:R Ratios in BENIGN 
AND MALIGNANT LESIONS RESPECTIVELY OF 
Homo.LoGcous ORGANS 


Benign Malignant 
R B B:R Ratio R B B:R Ratio 
3.0 | 29.0 9.66 4.2 2.6 0.6 
2.0 17.0 8.5 6.0 4.0 0 .66:1 
3.0 | 23.8 7.9 5.0 | 11.0 S.2 
2.0 | 21.2 10.6 :1 2.0 3.8 1.9 31 
2.0 | 325 16.2 <1 6.2 8.0 13-1 
3.0 | 24.0 8.0 6.0 | 17.0 2.8 
2.2 | 29.1 3.2 4.0 9.5 2.4 
3.0 19.4 6.4 :1 3.0 8.6 2.8 :1 
3.0 | 97.0 | 32.3 ‘1 3.0 8.0 2.6 :1 
26 | 206 7.9 6.0 | 17.0 2.6 
3.6 | 640 17.7 3.0 | 12.0 4.0 
3.0 | 31.9 | 106 :1 3.8 | 11.0 2.9 
4.0 | 60.0 15.0 7.0 | 18.0 2.6 
2.4 | 30.0 | 12.5 :1 4.0 | 20.0 5.0 :1 
2.2 232 5 0.5 :! 6.2 8.0 1.3 
meee 3.0 | 31.4 10.4 :1 45 9.0 2.0 :1 
——— 3.0 | 27.0 9.0 :I 7.6 | 12.0 1.6 <1 
3.0 | 37.6 | 12.5 :1 3.0 8.4 2.6 :I 
3.8 | 59.0 | 13.1 <1 3.0 | 15.0 5.0 :I 
4.2 | 765 | 18.2 :1 6.6 | 24.6 3.7 28 


study of the phases of transition from normal to 
ultimate autonomous invasive growth in the hu- 
man and may throw some light on the concept 
offered by Ivy (4), “The benign cell or tumor rep- 
resents an arrested stage of a potentially malig- 
nant process.” 

COMMENT 


Though conclusive deductions cannot be made 
until a larger series of cases has been evaluated in 
parallel with other approaches to the study of the 
growth mechanism, nevertheless, the results of 
these studies indicate that an inadequate B factor, 
as represented by a low B value in the face of an 
elevated R value is a constant and persistent find- 
ing with the advent of autonomous invasive 
growth anywhere in the body. In this connection 
it is of particular interest to point out that in a 
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contribution on the relationship of pyrrol com- 
pounds to carcinogenesis, Figge (5) referred to 
three hypothetical factors in his hypothesis of the 
sensitization of the cell to malignant transforma- 
tion, in which the role of the red fluorescent por- 
phyrin was stressed. It has indeed opened up a 
new field of interest in the study of fluorescent 
porphyrins as related to the genesis of cancer. The 
data presented in this communication is not sub- 
mitted as a test for cancer but rather as a study of 
the possible role of the red and blue fluorescent 
substances respectively with relation to the mech- 
anism of growth and its alterations. 


SUMMARY 


Values of fluorescent intensity of a blue fluores- 
cent substance and a red fluorescent substance re- 
spectively, were determined on samples of 24 hour 
urines in 400 cases, comprising controls, benign 
growth, pregnancy and malignant growth groups. 
Values were expressed as galvanometer readings 
(arbitrary units) and designated as B values and R 
values for the blue fluorescent and red fluorescent 


factors respectively and their relation to each other 
as B:R ratio. The B and R values and B:R ratios 


in the controls, benign growth including preg- 
nancy and malignant growth groups were evalu- 
ated and correlated. Determinations for R and B 
values and B:R ratios were made upon 20 cases 
following radical surgery from 2 to 14 years. A 
group of 22 cases on whom radical surgery was 
performed for a wide range of malignant lesions 
were followed up throughout the year 1948 with 
frequent determinations of the R and B values and 
B:R ratios and correlated with the changes in the 
clinical course, such as extension of malignancy 
and advent of metastases. 
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The Distribution and Action of a Radioactive 
Oxazine Dye in Iumor-Bearing Mice” 


Henry A. Stovitrer, Pu.D., M.D. 


(From the Harrison Department of Surgical Research, School of Medicine, University of Pennsylvania and the 
Department of Neurosurgery, Hospital of the University of Pennsylvania, Philadelphia, Pa.) 


Dyes have leng been used in investigations of 
cancer with the hope of developing useful diag- 
nostic and therapeutics agents. The aim in such 
investigations has been to find a dye which, in the 
intact animal, stains living tumor cells without 
staining surrounding tissue. A large number of 
acid dyes, especially in the azo series, has been 
rather intensively investigated for such a purpose. 
From these investigations there has resulted gen- 
eral agreement (1, 11) that acid dyes do not local- 
ize in viable tumor cells but accumulate in the 
stroma of the tumor 

The incorporation of a radioactive isotope into a 
dye molecule has been achieved with several acid 
dyes (5, 10). Studies of the distribution of radio- 


| 


and intense staining of viable tumor cells when ad- 
ministered orally or parenterally. The halogen de- 
rivatives of Nile blue 2B were prepared (8) and 
found to give good staining of tumor cells in mice. 
The radioactive iodine derivative of Nile blue 2B 
has been prepared (9). In the present work, this 
radioactive dye has been administered to animals. 
It is the intent of this paper to describe these ex- 
periments and their results. 


MATERIALS AND METHODS 


Radioactive Dye.—The dye used is a radioactive 
iodine derivative of Nile blue 2B. The iodine is 
organically bound and is not in an ionizable state. 
The structure and nomenclature of the dye are: 


\ 


bromo derivatives of trypan blue and Evans blue 
(5) and of a radioiodo derivative of trypan blue 
(10) in tumor-bearing mice have been reported. 
Radioactive diiodofluorescein (6) has been used 
for the localization of intracranial neoplasms. No 
results of any direct evaluation of therapeutic ac- 
tivity of these substances have been reported. 

It has been shown (3, 4) that a basic oxazine 
dye, Nile blue A (Colour Index number 913), when 
administered orally to tumor-bearing mice causes 
diffuse staining of viable tumor cells without stain- 
ing of the tumor stroma or the surrounding tissues. 
This staining action is accompanied by a marked 
retardation of the rate of growth of the tumor. 
Other closely related oxazine dyes were similarly 
tested. Of these tested, Nile blue 2B (Colour In- 
dex number 914) was found to give most uniform 


” Aided in part by a grant to Dr. Margaret R. Lewis from 
the National Cancer Institute. 


5-(p-radioiodobenzylamino)-9-diethylaminobenzo- 
[a]phenoxazine 


The preparation of this radioactive dye has been 
described in detail in a previous publication (9). 
The specific activity of the dye at the start of this 
investigation was 0.55 millicurie per gram. For in- 
jection purposes, an 0.1 per cent solution of the 
dye in 5 per cent glucose was prepared by adding 
the dye to sterile glucose solution, boiling gently 
for 20 minutes, and filtering into a sterile flask. 
Animals Used and Method of Administration of 
Dye.—Inbred mice of the C3H strain were used. 
The mice were implanted subcutaneously in the 
right axillary region with either of two tumors na- 
tive to the strain. The tumors used were a fibro- 
sarcoma (methylcholanthrene induced) and a 
transplantable spontaneous mammary carcinoma. 
These tumors have been transplanted through 
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many generations with no incidence of spontane- 
ous regression. 

The dye was administered by either of two 
methods. It was administered orally by mixing it 
into their food to the extent of 0.4 per cent of the 
weight of the food. It was administered parenteral- 
ly by subcutaneous injection of the 0.1 per cent 
solution. The average dose was 0.4 ml. The injec- 
tion was made on the side of the mouse opposite 
to that bearing the tumor. 

In one experiment the radioactive dye solution 
was administered intravenously to a normal dog 
in daily doses of 25 ml. for five days. This experi- 
ment was performed for two reasons. First, it was 


TABLE 1 


DISTRIBUTION OF RADIOACTIVITY 
IN A NORMAL DOG 


Counts per minute 


Counts per minute per gram 


Tissue (measured) (corrected for decay) 
Liver 176 16 
Spleen 33 5 
Kidney 29 4 
Muscle 11 1 
Blood 9 41 
Bile 722 1000 
Brain 4 0.6 
Thyroid 19 63 
Lung 29 6 


of interest to determine the pattern of distribution 
of radioactivity in an animal more comparable to 
the human than is the mouse. Secondly, it is read- 
ily possible in the dog and not in the mouse to take 
a sample of thyroid tissue for radioactivity meas- 
urement. 

Measurement of Radioactivity in Tissues.—Im- 
mediately after sacrificing the experimental ani- 
mal, weighed portions of various tissues were taken 
for radioactivity measurement. These were pre- 
pared for measurement by either of two methods. 
One method was to extract the minced tissue with 
methanol acidified with acetic acid and evaporate 
the filtered extract to dryness in a 40 mm. open 
Petri dish. Extraction by this technique was some- 
times incomplete since measurable radioactivity 
was present in the tissues after extraction. A more 
reliable method for preparing the tissues for radio- 
activity measurement involved digestion of the 
weighed sample with concentrated nitric acid to 
which a little silver nitrate solution had been add- 
ed. The digestion mixture was evaporated to a 
small volume in a 40 mm. open Petri dish prior to 
measurement. 

The radioactivity of these preparations was 
measured with a thin window Geiger-Miiller 
counter. 
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(NPERIMENTAL AND RESULTS 

Distribution of Radioactivity ina Normal Dog.—- 
One normal dog weighing 9.3 kilograms received 
intravenously 25 ml. of 0.1 per cent radioactive 
dye solution daily for five days. No untoward ef- 
fects were noticed during this period and three 
hours after the last injection the dog was sacrificed. 
Autopsy showed that all organs were grossly and 
microscopically normal. The radioactivity found 
in the extracts of the various tissues 1s shown in 
Table 1. The data of Table 1 show very high radio- 
activity in the bile, indicating that this is the prin- 
cipal avenue of excretion of the dye. The relatively 
high radioactivity in the thyroid is probably due 
to release of iodine in the metabolism of the dye 
since the thyroid gland is not visibly stained by 
the dye. Other organic iodine compounds such as 
those used for cholecystography (e.g. Priodax), are 
known (7) to significantly affect thyroid function 
possibly through release of iodine in metabolism. 
The very low radioactivity in the brain and the 
absence of staining of the intact central nervous 
system are of significance in connection with the 
possible use of the radioactive dye for the localiza- 
tion of intracranial neoplasms. 

Distribution of Radioactivity in Tumor-bearing 
Mice.—The distribution of radioactivity m tumor- 
bearing mice which received a single injection of 
radioactive dye was studied. The level of radio- 
activity of the various tissues varied from mouse to 
mouse.depending on the quantity of dye adminis- 
tered and the time intervals involved. In the pres- 


TABLE 2 


DISTRIBUTION OF RADIOACTIVITY IN 
TUMOR-BEARING MICE 
24 hours after 


2.5 hours after injection injection 
Tissue counts/ min. counts/min./g. counts/ min. 
Tumor 209 696 0 
Liver 254 508 0 
Spleen 124 477 0 
Kidney 206 824 0 
Blood 488 976 0 
Muscle 58 193 0 
Feces 614 


ent study the absolute values of the radioactivity 
were considered to be of relatively little import, 
the principal objective being to determine the rela- 
tive radioactivity in the various tissues. In Table 2 
are listed typical results obtained with C3H mice 
bearing transplanted fibrosarcomata which re- 
ceived a single subcutaneous injection of 0.9 ml. 
of the 0.1 per cent solution of radioactive dye. The 
mice were sacrificed at 2.5 hours and at 24 hours 
following injection and the tissues were digested 
with acid and silver nitrate prior to measurement 
of radioactivity. 
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SLovitTER— Radroactive Oxazine Dye 


The data of Table 2 show that all of the radio- 
active dye is excreted within 24 hours; in part via 
the kidney and probably to a greater extent via the 
bile into the intestine. The data further show that 
when the blood level is high, the concentrations in 
the liver, kidney and spleen are of the same order 
of magnitude as that in the tumor. The concen- 
tration of dye in musele is considerably lower than 
in the tumor. 

Distribution of Radioactinty Tumor-bearing 
Rats.—The radioactive dye was also administered 
to a small number of inbred rats bearing trans- 
planted fibrosarcomata. The staining of tumors in 
the rat is not as good as in the mouse. The limited 
data obtained with rats showed that the concen- 
tration of dye (from radioactivity measurements) 
was considerably higher in the liver than in the 
tumor. This species difference may be related to 
the fact that the rat has no gallbladder whereas 
the mouse does. 

Effect of Oral Administration of Radioactive Dye 
on Survival of Tumor-bearing Mice.—A group of 
adult C3H mice were implanted subcutaneously 
with mammary carcinomata from a tumor native 
to the strain which had been transplanted through 
several generations. No cases of spontaneous re- 
gression had been observed with this tumor. On 
the thirteenth day after implantation of the tu- 
mors, the radioactive dye was administered orally 
(mixed with the food as 0.4 per cent of the weight 
of the food). The tumors were definitely palpable 
and growing at the time the feeding of the dye was 
started. The administration of the dye was con- 
tinued for approximately 17 days and then the 
mice were given ordinary food until they died. 
Survival time was computed as the number of 
days from time of implantation of tumor to death. 

Another group of adult C3H mice implanted 
with the same mammary carcinomata served as a 
control group. They were prepared and fed in the 
same manner as the previous group except that the 
dye used was prepared in identical fashion with 
ordinary iodine instead of radioactive iodine. The 
data for these two groups is shown in Table 3. 

Although the number of animals involved in 
this experiment is small, a marked difference in 
the average survival time of the two groups (74 
days for the radioactive group, 36 days for the 
control group) is shown. This indicates that the 
radioactivity carried to the tumor is a significant 
factor in prolonging the life of these tumor-bearing 
mice. 

Mice of this same strain implanted with this 
same tumor which receive no dye survive an aver- 
age of 25 to 30 days (2). Thus, in the radioactive 
dye two factors are operative in prolongation of 
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life: the retardation of tumor growth by the dye 
and the radiation effect of the radioactive isotope. 

During the period of treatment with the radio- 
active dye and until just before death, the mice 
remained active and in good physical condition. 
The tumors grew slowly and in two of the mice 
treated with radioactive dye, there was a tempo- 
rary but marked diminution in the size of the tu- 
mor. 

ffect of Parenteral Administration of Radioac- 
tive Dye on Survival of Tumor-bearing Mice._-Ten 
adult C3H mice were implanted subcutaneously 
with fibrosarcomata and the mice were untreated 


TABLE 3 
ORAL ADMINISTRATION OF RADIOACTIVE DYE TO 
MICE WITH MAMMARY CARCINOMATA 


Raniwactive Dre Grour 
Days dye fed Days survived 


Costaot Dre Gaovr 
Days dye fed Days survived 


17 58 13 27 
17 5% 15 2H 
18 62 16 29 
17 15 37 
18 90) 1% 44 
14 92 14 DO 

Ave: 74 Ave: %6 


TABLE 4 


PARENTERAL ADMINISTRATION OF RADIOACTIVE DYE 
TO MICE WITH FIBROSARCOMATA 


Period of dye 


injections No. of injections Daye eurvived 
(days) 

17 12 37 
17 10 45 
17 12 45 
17 9 36 
16 33 
16 9 62 
16 7 94 
16 7 57 
16 7 62 
16 8 37 

Ave: 9 Ave: 51 


until approximately 2 weeks after implantation at 
which time the tumors were moderately large. The 
mice then received subcutaneous injections of 0.4 
ml. of the radioactive dye solution on an average 
of every second day. This treatment was continued 
for about 16 days following which the mice were 
untreated. Survival times were recorded. The data 
are summarized in Table 4. 

The survival time of untreated mice bearing the 
tumor used in this experiment is approximately 20 
days (2). The average survival time of the treated 
mice shown in Table 4 is 51 days, a significant in- 
crease over the untreated. In several of the treated 
mice in this series there was partial sloughing of 
the tumor and comparatively little viable tumor 
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tissue was present at death. In the case of the 
mouse which survived 94 days, most of the tumor 
had sloughed and there remained only a very thin 
rim of tumor tissue surrounding a small amount of 
caseous necrotic material. 


SUMMARY 


1. The radioactive iodine derivative of the oxa- 
zine dye Nile blue 2B has been administered to a 
normal dog and to tumor-bearing mice. The dis- 
tribution of radioactivity in the tissues of these 
animals has been determined. In the dog, the 
radioactivity is very high in the bile and rather 
high in the thyroid gland. In the tumor-bearing 
mice, the concentration of dye in the tumor is of 
the same order of magnitude as in the liver, kid- 
ney and spleen. 

2. The administration, either orally or paren- 
terally, of this radioactive dye to tumor-bearing 
mice has been shown to result in marked prolonga- 
tion of life of the mice. The prolongation of life by 
the radioactive dye has been shown to be signifi- 
cantly greater than by the same non-radioactive 
dye. 
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The Evaluation of Diagnostic Tests for Cancer 
II. Inhibition of Serum Alkaline Phosphatase 
by Zinc lon (The Roche Test)” 


H. FisumMan, A. Wayne, AND F. HomBurGer 


(From the Cancer Research and Cancer Control Unit of the Department of Surgery and the Departments of Medicine and Bio- 
chemistry, Tufts College Medical School, Boston 11, the Division of Clinical Research of the Jewish Memorial Hospital, 
Roxbury, and the Cancer Research Laboratories of the Holy Ghost Hospital, Cambridge, Massachusetts) 


The history of diagnostic tests for human cancer 
has recently been critically reviewed by Hom- 
burger (1). Criteria were given for making deci- 
sions with regard to the suitability of various pro- 
posed tests for malignancy. One of these, the 
Roche test, had been selected for study and evalu- 
ation some time ago (2). 

Roche et al. (3, 4, and 5) reported that in the 
presence of zinc ion in a concentration of 1 X 10-°>M 
the serum alkaline phosphatase was specifically 
inhibited in cancer patients. The series included 
16 normal subjects, 45 non-cancer patients and 
142 cancer patients. Attention was directed to the 
high zine concentration in tumors as an explana- 
tion of the specificity of the zinc reaction in cancer 
patients. Following surgical removal of the tumor, 
the serum of cancer patients was found to revert to 
normal. 

In this paper, the conditions for determining 
alkaline phosphatase in the absence or presence of 
zinc were made to correspond as completely as 
possible to those of Roche. Two methods were em- 
ployed: a) the Bodansky (6) method in which the 
phosphate split from B-glycerophosphate was 
measured, b) the Bessey, Lowry, and Brock (7) 
procedure based on the colorimetric determination 
of p-nitrophenol liberated from p-nitrophenyl- 
phosphate by the enzyme. The alkaline phospha- 
tase in the presence and absence of zinc ion 
(10-°M) was determined in a group of 23 normal 
healthy individuals and in 22 patients with ad- 
vanced cancer. 

With the aim of making the test more selective, 
a variety of conditions have been tested. These in- 
clude the effect of varying the zinc ion concentra- 
tion, of dialyzing the plasma, of changing the 


” This work was supported by an institutional grant of 
the American Cancer Society, Inc., New York, and by funds 


from the National Institutes of Health, National Cancer 
Institute, Bethesda, Md. 


order and manner of addition of the reagents and 
of altering periods of incubation. 

Under Roche’s conditions, the behavior of the 
cancer and non-cancer groups was found to be simi- 
lar both qualitatively and quantitatively, 7.¢., in- 
hibition of alkaline phosphatase by zinc ion. 


EXPERIMENTAL 


Fresh blood serum was taken from a number of 
healthy blood donors and from patients with far 
advanced cancer. Determinations for alkaline 
phosphatase were done according to Bodansky’s 
method as employed by Roche. In several in- 
stances simultaneous analyses by the method of 
Lowry et al. were done. The results in which two 
concentrations of zinc sulfate and two periods of 
incubation were employed are listed in Tables 1 
and 2. 

Typical effects of zinc sulfate when added to 
dialyzed serum from a non-cancerous and a can- 
cerous individual are indicated in Figure 1. 

No significant change in the behavior of the test 
was found when the order of addition of the re- 
agents was rearranged in every possible combina- 
tion or when the determinations were performed 
at pH 8.9 instead of 9.2. 


DISCUSSION 


In agreement with Roche’s data, zinc ion was 
found to cause a depression of the serum alkaline 
phosphatase in cancer patients. However, the 
identical behavior of the enzyme in the sera from 
non-cancer patients contrasts markedly with his 
findings. The failure of the serum alkaline phos- 
phatase to be increased after dialysis is not con- 
sistent with Roche’s view of an excess of circulat- 
ing zinc ion originating from the tumor. 

There is no obvious explanation which can ade- 
quately reconcile these two differing sets of data. 
It does not seem likely that a contammant m the 
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THE EFFECT OF ZINC ION ON THE SERUM ALKALINE 
PHOSPHATASE OF NON-CANCER PATIENTS 


ALKALINE PHOSPHATASE 


In THE PreseNcE OF ZNSO,4 


reagents was responsible, because the inhibition of 
serum alkaline phosphatase by zine ion in cancer 
patients was observed in both laboratories. Per- 
haps the continental population without cancer 
possesses an alkaline phosphatase system peculiar- 


Us- mr — ly sensitive to zine ion. The necessity of varying 
TREATED ‘oneen- = age inhi- Concen- age inhi- 
SuBJECT SERUM tration bition tration bition zinc 10n concentrations for establishing the opti- 
mum concentration of zine ion activation in nor- 
“ui a ne mal individuals has been pointed out by Roche (8). 
500 However, in our experience, this maneuver was 
M. D. 1.8 1.0 44 unsuccessful in demonstrating activation. 
R. H. 1.4 0.2 86 Bodansky and Blumenfeld (9) found that ‘a 
R.C. 0.8 0.0 100 
R. C.D. 1.0 0.6 concentration of 10-°M Znt+ failed to affect the 
ALR. 0.7 0.8  —(+14) 
NORMAL SUBJECT CANCER PATIENT 
Incubation time 1 hour ;xX10-6 
N. M. 3.3 2.2 3 % INHIBITION e— UNDIALYSED 
e--e DIALYSE 
P. W. 2.9 2.1 a7 100; 
L. M. 3.9 2.6 3s 90! 
Incubation time 3 hours 4X10~6 1X10~ te 
“HLS. 3.0 1.5 50 1.1 53 
J.B. 2.3 1.2 48 0.7 70 
M. W. 1.1 0.5 54 0.4 64 
M. 1.1 0.5 54 0.4 64 a 
20. 
H.C. 1.4 0.7 50 0.6 43 
R.C. 2.2 0.8 63 
W. W. 2.3 1.0 56 0.7 70 10 10° o° io” 
H.S 1.3 0.4 69 ZINC ION CONCENTRATION 
J. 1.6 0.9 44 0.7 44 rey 
5. ©. 1.2 0.4 67 Fic. 1.—Effects of varying zine ion concentrations on 
a @ 3.0 0.8 73 phosphatase activity (7) in dialysed and undialysed serum of 
J. R. 3.7 0.5 82 patients with and without cancer. 
TABLE 2 
THE EFFECT OF ZINC ION ON THE SERUM ALKALINE PHOSPHATASE OF CANCER PATIENTS* 
ALKALINE PHOSPHATASE 
IN THE PRESENCE OF ZnSO, 
Untreated Concen- Percentage Concen- Percentage 
SUBJECT D1IAGNoOs!Is SERUM tration inhibition tration inhibition 
Incubation time 1 hour 1X10°6M 4X10-°M 
B. K. Renal cell carcinoma 2.6 1.4 46 
J. L. Fibrosarcoma of cheek with pulmon. metastasis 4.6 2.0 57 
R. M. Carcinoma, breast, with undifferentiated metastasis 6.6 2.3 65 
F. N. Glioblastoma multiforme 2.0 0.5 15 
J. M. Adenocarcinoma of rectum 2.1 0.7 66 1.4 33 
E. D. Adenocarcinoma of ovary 2.2 1.4 36 1.4 36 
Incubation time 3 hours 
I. Glioblastoma multiforme 2.2 0.7 68 
F. L. Adenocarcinoma, urinary bladder 1.5 0.6 60 
A. 6. Adenocarcinoma, breast 8.9 3.5 60 4.8 46 
ge Epidermoid carcinoma 1.7 0.5 70 
N. Squamous cell carcinoma of tongue, neck metastases 2.8 0.9 66 1.2 57 
in Epidermoid carcinoma of tongue 2.7 0.9 67 1.2% 55 
Ss. Scirrhous carcinoma of breast, spinal metastasis 2.1 0.5 76 
O. Carcinoma of cecum 2.7 0.7 74 
D. Carcinoma, prostate 21.6 17.0 21 
T. Carcinoma, breast 1.7 1.2 29 
N. Glioblastoma multiforme 1.9 0.6 68 


* The same study was done with 5 other cancer patients not listed here and also on the patients whose data are found in Table 2, employing concentra- 
tions of zinc ion different from the two given. Essentially similar results were obtained. 
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serum alkaline phosphatase activity in individuals 
either with or without cancer.” They also noted 
that “concentrations of 10-4 and 10~* M decreased 
the serum alkaline phosphatase activity” (to the 
same extent in patients with and without malig- 
nancy). In their experiments, the pH of the di- 
vests was adjusted to 8.75 + 0.05 because of the 
acidifying effect of ZnSO,. In our work this was 
not done, in order to maintain experimental 
conditions as close as possible to those of Roche. 
The possibility exists that the observed inhibition 
may be the result of a shift of the pH towards the 
acid side rather than a direct effect of zine ions. 

Although in the future metallic ions may possibly 
be successfully employed to differentiate enzymati- 
‘ally patients with cancer from those without, the 
zine ion inhibition of the serum alkaline phospha- 
tase in its present state would appear to be unsuit- 
able as a diagnostic test. 


SUMMARY 
Serum alkaline phosphatase from subjects with 
and without cancer was inhibited by zine sulfate 
(1 X 10-° M) to the same extent. These data con- 
trast with those of Roche in which the normal 
group showed no change or an activation of 
serum alkaline phosphatase by zinc ion. 


FisuMAn et al.--Diagnostic Tests. 
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Influence of Thyroid Hormone on the Formation 
of Induced Skin Tumors in Mice’ 


HERBERT SILVERSTONE, PuH.D., AND ALBERT TANNENBAUM, M.D. 


(From the Department of Cancer Research,t Medical Research Institute, Michael Reese Hospital, Chicago 16, Illinois) 


Chronic caloric restriction inhibits the forma- 
tion of various tumors of the mouse (1, 2). The 
restriction in caloric intake produces, among 
many changes, a decreased total metabolism and 
decreased body weight of the animals. In order to 
acquire information as to which of these—caloric 
intake, total metabolism, or body weight—might 
be most directly related to tumor formation, di- 
verse experimental procedures have been studied: 
feeding of dinitrophenol or sodium fluoride, and 
the housing of the mice at low environmental 
temperatures (3). 

The present study supplements the above ex- 
periments and has a similar objective; in this in- 
stance thyroid hormone was fed to mice in a dose 
that caused increased food consumption and in- 
creased metabolism, and only a slight retardation 
of body growth. The experiments were designed to 
also reveal the effects of administration of thyroid 
on the different stages of carcinogenesis. 

The concept of discrete stages in the genesis of 
tumors has been introduced through a variety of 
studies (4, 5, 6, 7, 8) indicating that the formation 
of induced skin tumors proceeds through at least 
2 stages: a) initiatory changes induced by the 
action of a carcinogen on normal cells; and b) the 
promotion or development of these “‘biased”’ cells, 
under necessary conditions, into neoplastic cells 
that grow into a visible tumor. These two stages 
can be separated roughly by the experimental 
technique of applying a carcinogen for a short time 
and terminating these applications before tumors 
arise in any of the experimental animals. One may 
arbitrarily regard the consequent intervals—a) 
that encompassing the application of the car- 
cinogen, and b) the subsequent period during 
which grossly visible tumors appear—as corre- 
sponding respectively to the stage of initiation and 
the stage of development. This technique has been 
employed to demonstrate that the inhibitory ac- 

* This investigation was supported (in part) by a research 
grant from the National Cancer Institute, U.S. Public Health 
Service, and by the Gustav E. Berlin Memorial Fund. 


+ Supported, in part, by the Michael Reese Research Foun- 
dation and the Foundation for Cancer Research, Chicago. 


tion of caloric restriction (9) and the accelerating 
action of fat-enriched diets (10, 11) on the genesis 
of tumors are exerted mainly during the second 
stage, that of development, and have little or no 
effect on the initiation stage. Similarly the co- 
carcinogenic actions of croton oil (5), turpentine 
(4, 5), and wound healing (4) are effective mainly 
in the stage of development. On the other hand, 
various solvents for carcinogens influence tumor 
formation primarily in the initiatory stage by 
modifying the concentration or amount of carcin- 
ogen acting upon the tissue. 

This general knowledge of the stages of carcin- 
ogenesis has been briefly reviewed, because the 
present study was in part based upon these con- 
siderations. The experiments were designed to 
study the effects on skin tumor formation of 
thyroid hormone when administered a) through- 
out the experiment, b) only during the interval 
of cutaneous application of carcinogen, and c) 
only during the period of tumor appearance. 


METHODS 


The mice employed were adult dba strain 
males bred in our laboratories. Litter mates were 
distributed between the several groups of each 
experiment so far as possible. From the time of 
weaning until transfer to the experimental diets 
they were fed a commercial ration, Purina fox 
chow checkers. In all experiments the animals 
were housed in groups of 5 in cages with solid 
bottoms. The carcinogen was a 0.3 per cent solu- 
tion of 3,4-benzpyrene in acetone; at semi-weekly 
intervals a single drop (0.02 cc.) was applied to the 
interscapular area by means of a dropping pipet. 

The experimental diets were composed of 
Purina fox chow meal, skimmed milk powder, and 
cornstarch, and were prepared as in earlier work 
(9). The thyroid extract (Proloid)! was incorpo- 


1 Generously donated by The Maltine Company, N.Y. Pro- 
loid is a thyroglobulin equivalent to an equal weight of Ar- 
mour’s U.S.P. thyroid; 1 grain of Proloid corresponds to 169 
micrograms of crystalline thyroxine in the thyroidectomized 
rat assay. It is also stated to have less toxic action than other 
thyroid preparations. 
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rated in the diets at the level of 0.04 per cent, 
inasmuch as previous experience had indicated 
that this concentration increased caloric intake by 
approximately 50 per cent, without a drastic 
effect on body weight. Where the design of the 
experiment called for changing the diet, this was 
done a few weeks after the final application of the 
carcinogen. 

The general care of the animals, examination and 
evaluation of tumors and other pathology, and 
recording were carried out as previously de- 


scribed (9). 
EXPERIMENTS 


Experiment 1. Three month old dba males 
were distributed into 3 groups of 50 mice each. 
The diets were composed of Purina fox chow 
meal, 35 per cent; skimmed milk powder, 20 per 
cent; and cornstarch, 45 per cent. The ration at the 
level of 4 gms. daily per mouse was the control 
diet. The same ration at the level of 6 gms. and 
containing 0.04 per cent thyroid extract, was the 
thyroid diet. These amounts were approximately 
at the ad libitum level. Group h-CC? was fed the 
control diet, and groups h-TC, and h-TT were fed 
the thyroid diet. Three weeks after institution of 
the experimental diets, treatment with carcinogen 
was begun. Fourteen applications of the solution 
of benzpyrene were given at semi-weekly intervals 
over a period of 6 1/2 weeks; 3 weeks after the 
final application, the mice of group h-TC were 
transferred from the thyroid ration to the control 
ration; the rations of groups h-CC and h-TT were 
not changed. Thus group h-CC was fed the control 
diet and group h-TT the thyroid diet throughout 
the experiment, while group h-TC was given the 
thyroid diet for the period encompassing the appli- 
cation of carcinogen and the control diet during 
the period of tumor appearance. 

Excluding the deaths caused by a laboratory 
accident during the twenty-fourth week of the 
experiment, very few of the mice without tumors 
died before the fortieth week. At this time the 
death rate in group h-TT suddenly increased— 
7 tumor-free mice as well as some with tumors 
died between the fortieth and forty-eighth week. 
For this reason the experiment was terminated. 

During the course of the experiment the caloric 
intake was dependent on the ration fed. The mice 
on the control diet consumed, on the average, 
3.9 to 4.0 gms. daily; those on the thyroid 

* For convenience, the experimental groups are designated 
as follows: The initial letter designates the experiment. The 
first letter after the dash indicates the diet during the period of 
carcinogen application, C (control) or T (thyroid). The second 


letter after the dash indicates the diet during the period of 
tumor appearance, again either C or T. 


diet, 5.4 to 6.0 gms. In the same order, they drank 
approximately 3 cc. and 6 cc. of water daily. Al- 
though they consumed nearly 50 per cent more 
food, the mice on the thyroid diet weighed less 
than those on the control diet (Table 1a). 

The formation of skin tumors is illustrated in 
Figure 1 and the data summarized in Table 1b. 
The results are discussed together with those of the 
following experiment. 

Experiment 2. Two hundred dba male mice, 
approximately 2 1/2 months of age, were divided 
into 4 equivalent groups of 50 each. The ration 
consisted of Purina fox chow meal, 50 per cent; 


TABLE la 
GROWTH OF MICE IN EXPERIMENT 1 


WEEKS AFTER INITIAL APPLICATION OF CARCINOGEN 
—3 0 4 te 10 14 18 26 34 42 


Group* Mean body weight (grams) 

h-CC G6 30 3S 3 3 3ST 
h-TT 23% se $i 
h-TC Be He He SHS SHS SHS 


*h-CC: control diet; h-TT: thyroid diet; h-TC: thyroid diet until 93 


weeks, control diet subsequently. 


TABLE 1b 


EFFECT OF FEEDING THYROID HORMONE ON THE For- 
MATION OF INDUCED SKIN TUMORS (EXPERIMENT 1) 


Mice 
Mice with’ Time or APPEARANCE 
NuMBER SKIN TUMORS or Tumorst{ FREE AND 
OF Num-  Per- (WEEKS) ALIVE AT 
Grovup* Micet ber cent First Mean 48 Weexs$ 


h-CC 43 32 74 14 
h-TT 39 27 69 10 26.2+1.9 4 
h-TC 30 44 88 10 29.3+1.4 6 


* See footnotes, Table la, for outline of dietary regimen. 


+ The total mice in each group was 50. The adjusted total is employed to 
calculate per cent tumors because of unequal death rates among the several 
groups (15). 

t Time in weeks after initial application of carcinogen. 

§ End of experiment. 


30.9+1.6 9 


skimmed milk powder, 25 per cent; cornstarch, 
22.5 per cent; and brewers yeast,* 2.5 per cent. 
This ration, compared with that of Experiment 1, 
contains a higher proportion of protein, mineral, 
and fat and a supplementary source of B-vitamins. 
The control diet consisted of 4.0 gms. of the ration 
daily, the thyroid diet of 6.0 gms. of the ration 
containing 0.04 per cent thyroid extract. 

Four weeks after initiation of the experimental 
diets, the mice were given the first of 12 semi- 
weekly applications of the benzpyrene solution— 
over a period of 5 1/2 weeks. Three weeks after the 
final application of carcinogen the diets were either 


3 Anheuser-Busch Strain K—generously donated by An- 
heuser-Busch Inc. 
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changed or continued according to the design of 
the experiment as tabulated: 


REGIMEN DURING 


Period of carcinogen 


Period of tumor 
appearance* 


application* (84 weeks to end of 
Group (—4 to 8} weeks) of experiment) 
n-CCt control control 
n-TT thyroid thyroid 
n-CT control thyroid 
n-TC thyroid control 


* Time is indicated in weeks after initial application of carcinogen. 
t See footnote number 2. 


The study was terminated 48 weeks after the 
initial application of carcinogen inasmuch as sub- 
sequent to this time there occurred a sharp mn- 
crease In the death rate of the mice ingesting the 
thyroid diet. In the first 48 weeks of the experi- 


90r 


h-TC 
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” h-CC 
S 70 
h-TT 
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= 60 
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Weeks After Ist Application of Carcinogen 


Fic. 1.—Effect of thyroid extract on the formation of in- 
duced skin tumors, as shown by curves of cumulative incidence. 
A: Time of final application of carcinogen. B: Group h-TC was 
fed thyroid diet until this time, the control diet subsequently. 
Group h-CC received the control diet throughout the experi- 
ment, and group h-TT received the thyroid diet throughout. 


ment, there were only 2 to 5 deaths in a group, 
and most of these were caused by spontaneous 
lymphomata. 

The mice receiving the control diet consumed 
from 3.7 to 4.0 gms. of food daily, those on the 
thyroid diet from 5.2 to 6.0 gms. The water con- 
sumption of the latter was from 25 to 50 per cent 
greater than that of the mice on the control ra- 
tion. As in Experiment 1, the mice ingesting the 
thyroid diet weighed less than those on the control 
diet despite the increase in caloric consumption of 
approximately 40 per cent (Table 2a). On the 
average, the hyperthyroid mice were only about 
2 per cent smaller in body length. 

With respect to the formation of skin tumors, 


the results of Experiment 2 (Table 2b, Figure 2) 
agree with those of Experiment 1 (Table 1b. 
Figure 1) in the following particulars: The initial 
tumors appeared earlier in those groups receiving 
the thyroid diets during the period of application 
of carcinogen (h-T'T and h-TC compared with 
h-CC; and n-T'T and n-TC compared with n-CC 
and n-CT). The tumor incidences among the mice 
fed the thyroid diet only during the period of 
carcinogen application, followed by the control 
dict during the period of tumor formation (groups 


TABLE 2a 
GROWTH OF MICE IN EXPERIMENT 2 


Weeks artrer tion of Cancinoges 
—f 1 5 9) 15 19 27 $5 


Group* Mean body weight (grams) 

n-CC 28 @ 34 $4 36 37 38 
n-TT 22 $1 82 8$2@ $3 38338 
n-CT 23 @ 32 35 34 33S 834 84 $5 33 
n-TC 2438 $1 82 34 37 388) 37 


*n-CC; control diet throughout; n-TT: thyroid diet throughout; 
n-CT: control diet until 84 weeks, thyroid diet subsequently; 
n-TC: thyroid diet until 84 weeks, control diet subsequently. 


TABLE 2b 


EFFECT OF FEEDING THYROID HORMONE DURING THE 
DIFFERENT STAGES OF CARCINOGENESIS ON THE For- 
MATION OF INDUCED SKIN TUMORS. (EXPERIMENT 2) 


Mice 
Mice with ‘Time or ApPEARANCE Tumor 
NuMBER SKIN TuMORS or Tumorst FREE AND 
OF Num-  Per- (WEEKS) ALIVE AT 
Grovur* Micet ber cent First Mean 48 Wrexs$ 
n-CC ° 49 31 63 15 29.9+1.7 17 
n-TT 49 25 51 11 28 .0+1.9 21 
n-CT 49 24 49 13 $2.1+1.8 21 
n-TC 49 34 69 9 28.4+1.6 12 


* See footnote, Table 2a, for description of dietary regimen. 


t+ Number of mice obtained by adjustments for deaths of animals without 
tumors (15). 


t Time in weeks after initial application of carcinogen. 
§ End of experiment. 


h-TC and n-TC), were slightly greater than those 
of the mice on the control diets throughout the 
experiment. Tumor incidences among the mice fed 
the thyroid diet throughout (h-TT and n-TT) were 
at first slightly greater than among the control 
mice, but at about the thirtieth week there was a 
relatively sharp reduction of tumor formation 
among the hyperthyroid mice, and by the time the 
experiments were terminated these groups had 
slightly lower tumor incidences than the controls. 
As a consequence of this early augmentation and 


later repression of tumor formation the mean 


times of tumor appearance were shorter in groups 
h-TT and n-TT than in the corresponding control 
groups. The effect of feeding the thyroid diet only 
during the period of tumor appearance (i.e. pre- 
ceded by the control diet during the period of ap- 
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plication of carcinogen) is ilustrated Experi- 
ment 2, group n-C’'T. There was initially some in- 
hibition of tumor formation (ending at about the 
twenty-seventh week) followed by an acceleration 
which raised the tumor incidence to that of the 
mice fed the thyroid diet throughout. 

The values given for skin tumor formation in 
the tables and figures represent the total number 
and per cent of mice that developed skin tumors 
(papillomas and carcinomas). Approximately 70 
per cent of the papillomas eventually became car- 
cinomas, and the incidence of mice with carcino- 
mas varied in the same order as given for total 
skin tumors. 

DISCUSSION 

The literature contains few reports on the 
effects of the administration of thyroid hormone 
on the genesis of neoplasms. Nowak and Ciecha- 
nowski (12) observed no changed in the rate of 
appearance of tar-induced skin tumors in rabbits. 
On the other hand, Kreyberg (13) noted an ac- 
celeration of skin tumor formation in tarred mice. 
Smith and associates (14) reported no effect of the 
hyperthyroid state on the formation of induced 
sarcomas in rats; the result was attributed in part 
to the high dose of carcinogen employed. We have 
unpublished experiments in which mice injected 
with moderate doses of carcinogen were given 
thyroid extract in rations fed ad libitum; there 
were no noteworthy effects on sarcoma formation. 

In the present experiments the striking aug- 
mentation of caloric intake and metabolic activity 
produced by the thyroid extract was not accom- 
panied by a spectacular effect upon the incidence 
or time of appearance of skin tumors induced by 
the application of carcinogen. The data suggest, 
however, a small differential action of thyroid 
hormone during the two different stages of car- 
cinogenesis. When fed during the period of appli- 
cation of carcinogen (initiation stage) it exerted a 
stimulating action on the formation of skin tu- 
mors, principally evidenced by the invariably 
earlier appearance of the first tumors in the four 
groups fed thyroid in this period, and by the 
higher incidence of tumors in the two groups fed 
thyroid extract during this period only. When ad- 
ministered during the period of tumor appearance 
(development stage), thyroid extract exerted some 
retarding effect on skin tumor formation. as indi- 
cated by the lower incidence of tumors. If these 
observations are valid, it would be expected that 
the feeding of thyroid extract throughout the en- 
tire experiment (both stages) would result in a 
balancing of the two effects. To a degree. the re- 
sults are in agreement with this expectation. 

The mechanisms of these actions are obscure. 
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The administration of thyroid hormone has many 
effects upon the animals: increased food consump- 
tion, increased metabolism, a relative loss in body 
weight, increased heat loss, peripheral dilatation 
of blood vessels, shifts and changes m protein and 
fat storage, ete. It is possible that the accelerating 
action on skin tumor formation during the initia- 
lion stage of carcinogenesis is due to local changes 
at the site and time of carcinogen application, 
possibly even affecting the tissue dose of car- 
cinogen. Thus the augmented tumor formation re- 
ported by Kreyherg may have been due to pro- 
tracted tar application (for 6 months), which 
contrasts with the relatively short period of car- 


n-TC 
n-TT 
n-CT 
= A 
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Fic. 2.—Effect of thyroid extract on the formation of in- 
duced skin tumors, as shown by curves of cumulative incidence. 
A: Time of final application of carcinogen. B: At this time 
group n-TC was transferred from thyroid to control diet, group 
n-CT from control to thyroid diet. Groups n-CC and n-TT 
were fed the control and thyroid diets respectively throughout 
the experiment. 


cinogen application (for 5 1/2 and 6 1 2 weeks) 
in our experiments. It may be that the augmented 
tumor formation reported by him was due to a 
stimulatory action in the tmitiation stage of car- 
cinogensis which overlapped the period of tumor 
appearance and therefore outweighed the inhibi- 
tory effect during the development stage. 

The small inhibiting effect of thyroid extract. 
on tumor formation. during the second stage of 
carcinogenesis may be related to the small de- 
crease in body weight which occurred despite 
an increased food intake of 40 to 50 per cent. 
Thus the inhibition of tumor formation that 
occurred in the groups fed thyroid extract through- 
out the experiment or only during the second 
stage of carcinogenesis may be more directly re- 
lated to the decrease in body weight rather than to 
the increased caloric intake and metabolic activ- 
itv. These conclusions agree with the evidence 
that caloric restriction exerts its inhibiting effect 
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on tumor formation mainly during the second 
stage of carcinogenesis (9). 

The most pertinent finding is that the consider- 
able augmentation of food intake and metabolic 
activity, produced by thyroid extract, resulted in 
only a small effect upon tumor formation. These 
data support the conclusions arrived at in related 
investigations (3) concerned with dinitrophenol, 
sodium fluoride, and low environmental tempera- 
ture: It is not the level of caloric intake or total 
metabolic turnover but rather the body weight 
level at which a balance is struck between caloric 
intake and utilization that is a significant factor 
in the genesis of some mouse tumors. 


SUMMARY 


1. Mice fed diets containing 0.04 per cent thy- 
roid extract (Proloid) consumed 40 to 50 per cent 
more food, yet weighed about 10 per cent less, 
than the control mice. 

2. The striking augmentation of caloric intake 
and metabolic activity did not produce a large 
effect upon the incidence or mean time of appear- 
ance of skin tumors induced by the application of 
3,4-benzpyrene. 

3. The data suggest, however, a small differen- 
tial effect of thyroid hormone on the two stages of 
carcinogenesis: stimulating in the stage of initia- 
tion and retarding in the stage of development. 

4. The results give indirect supporting evidence 
that the inhibition of tumor formation produced 
by caloric restriction is more related to the low 
body weight of the animal than to the actual level 
of caloric intake or metabolic activity. 
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Vitamin Bo and Biotin in Human Cancer Tissue” 


R. M. BALLANTYNE AND E. W. McHenry 


(From the Department of Public Health Nutrition, University of Toronto, Toronto 5, Canada) 


A great deal of experimental work has been done 
seeking some specific relation between the various 
vitamins and malignant neoplasms. The literature 
is extensive, but the diverse information is not 
readily fitted into a unified or consistent pattern 
for it is impossible to make extensive generaliza- 
tions from the effects obtained with one type of 
tumor when the opposite effect may prevail with 
others. There are, however, three general ap- 
proaches to the problem and with these in mind 
the scattered literature may be divided into first, 
the relation of vitamins to the induction of tumors; 
second, the relation of vitamins to the growth of 
tumors; and third, the vitamin content of tumors 
as compared with that of normal tissues. Our in- 
vestigations fit into the third category but differ 
from most of the previous work in that we are 
dealing with spontaneous human cancers, not an 
experimental type induced or transplanted in 
animals. 

As vitamin B, playst an important part in the 
transamination process it was felt that the amount 
of this vitamin present in the neoplasm, compared 
with the amount present in the surrounding nor- 
mal tissue, might serve as an indication of the 
amount of transamination taking place during 
neoplasia. In addition, the observation that the 
feeding of a diet low in pyridoxine caused the rats 
to be more resistant to the induction of cancer 
(9, 10) and also caused a reduction of growth of 
tumors already present (2, 8) prompted the study 
of the amount of vitamin Bg present in various 
types of human neoplasms. 

A few studies were made on the biotin content 
of neoplasms, for biotin also seems to be related to 
nitrogen metabolism as Winzler (12) has indicated 
in his work with yeast. Biotin has been reported to 
have a procarcinogenic effect on “butter yellow” 
induction of tumors (5, 7) and has been reported 
to affect the growth rate of tumors (3). In addi- 


* This investigation was made possible by a grant from 
the Ontario Cancer Treatment and Research Foundation for 
which thanks are expressed. 


t In this paper “‘vitamin B,’’ is used to include pyridoxine, 
pyridoxal and pyridoxamine, in accordance with nomenclature 


approved by the American Institute of Nutrition on April 21, 
1949. 


tion, the same assay method could be used, simpli- 
fying the experimental procedure. 


EXPERIMENTAL 


All human neoplasms were obtained through 
the cooperation of the Department of Surgical 
Pathology, Toronto General Hospital, and the De- 
partment of Pathology, Toronto Western Hospi- 
tal. Sections of all tissues used for assay were made 
in these respective departments and microscopic 
examinations carried out. The diagnoses were re- 
ceived from these departments but no attempt was 
made to determine the density of stroma, the pro- 
portion of malignant to normal cells or the amount 
of necrosis present. All data represent the amounts 
of the vitamins present per gram of the entire tu- 
mor mass. 

The tissue remaining after sections were made 
was available for assay and was prepared for deter- 
minations within six hours of removal in the case 
of surgical specimens and within six hours of death 
in the case of autopsy specimens. A preliminary ex- 
periment was carried out in which it was shown 
that there was no loss of vitamin B, during a six 
hour period following removal and thus the re- 
sults represent the total amount of vitamin B, 
present in the tissue. Whenever possible vitamin 
estimations were carried out on surrounding nor- 
mal tissue as well as on the neoplasm itself. 

The vitamin Bs, and biotin content of the tu- 
mors was estimated microbiologically using the 
method of Atkin et al. (1) utilizing Saccharomyces 
carlsbergensis. For the assay of biotin, pyridoxine 
hydrochloride was substituted for biotin in the 
basal medium and a 0.3 milligamma/cce. solution 
of crystalline biotin was used as a standard. With 
this method the vitamin B,; content of 40 malig- 
nant tumors and 20 samples of normal tissue was 
determined as well as the biotin content of 22 
malignant tumors and 9 samples of normal tissue. 


RESULTS 


The vitamin B, content of the neoplasms fell 
within a range of 0.33 to 1.35 mcgm./gm., while 
the values for surrounding normal! tissue fell within 
a much wider range from 0.26 to 8.90 megm./gm. 
A similar situation was found with the biotin 
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values, where the range for the neoplasms was 
0.02 to 0.16 megm./gm. Figures 1 and 2 depict the 
average values for the vitamin content of the vari- 
ous neoplasms and their host tissues. 


DISCUSSION 
An examination of these results indicates that a 
.-marked similarity of both vitamin Bs and bictin 
content exists among all examined types of neo- 
plasms, and that this similarity is not evident 
among the normal host tissues. Not only are the 
vitamin Bg values within a narrow range but the 


Tumor Tissue 
Normal Tissue 
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Fic. 1.—Vitamin Bs content of human tissues 


values are similar to those for normal tissues hav- 
ing a low vitamin Bs content, such as the mucosa 
of the gastro-intestinal tract. Other tissues having 
high values for their vitamin Bg content, such as 
liver, kidney and muscle, act as hosts for neo- 
plasms which have small amounts of vitamin Bg. 
In fact the vitamin Bg content of all malignant tu- 
mors studied was found to have a standard devia- 
tion of 0.19 mcgm./gm., whereas the correspond- 
ing group of normal tissues varied over such a wide 
range that the standard deviation could not be de- 
termined. A similar observation was made when 
the biotin content of tumors and of normal tissues 
was considered. 

The standard deviation may be considered to be 
too high to be of significance, but there are not 
only a large number of different types of tumors, 
but these tumors, even those of the same type, 
may vary considerably in the degree to which they 
resemble or depart from the characteristics of nor- 
mal tissue. In human neoplasms particularly, there 
are elaborate gradations of malignancy and it has 
been said that the greater the degree of malignan- 
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cy the greater is the departure from normal. Neo- 
plasms are likely to be heterogeneous, being com- 
posed of both cellular and non-cellular elements in 
varying proportions and in addition having vary- 
ing degrees of central necrosis which would effect 
the concentration values. 

A chemical similarity has been previously dem- 
onstrated, the first indication being reported by 
Cori and Cori in 1925 (4) when they found that the 
lactic acid and sugar content of a sarcoma was 
very nearly the same as that of a carcinoma. 
Greenstein (6) has cited many instances where the 
nearly uniform metabolic pattern of neoplasms, of 
different etiology and histogenesis, have been re- 
ported. The similarity of the B vitamin content of 
neoplasms has been reported previously and our 
data, both quantitatively and with regard to uni- 
formity in tumor tissue, are in general agreement 
with those found by Pollack, Taylor and Wil- 
liams (11). 

In several reports in the literature regarding the 
vitamin content of neoplasms the comparison be- 
tween normal and neoplastic tissue has been made 
on a percentage basis. A determination of this sort 


0.67 
Tunor Tissue 
0.65 Normal Tissue 
= 
0.33 
0.11 
0,09 = 
INQ 
0.07 
0.05 


BREAST BOWEL KIDNEY STOMACH LIVER* SKIN LYMPH MUSCLE OVARY PANCREAS* 


* AUTOPSY 


Fic. 2.—Biotin content of human tissues 


can be misleading as the foregoing results show no 
relationship between the neoplasms and their tis- 
sues of origin. For example, if the vitamin Bg con- 
tent of bowel carcinoma were compared with that 
of normal bowel mucosa, it would be regarded as 
102 per cent of normal, whereas if the value for 
liver carcinoma were compared with that of nor- 
mal liver, it would be 11 per cent of normal. These 
are extreme examples but indicate the wide differ- 
ence and the lack of quantitative relationship be- 
tween normal and tumor tissues. 
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SUMMARY 


The vitamin Bs content of 40 human malignant 
tumors and 20 samples of human normal tissue 
was determined, as well as the biotin content of 22 


malignant tumors and 9 samples of human normal — >: 


tissue. The vitamin Bes content of all malignant 
tumors, irrespective of origin, fell within a narrow 


range of 0.33 to 1.35 megm./gm. This range was 6. 


similar to that of those normal tissues having a low 


vitamin Bs content. The various normal tissues 7. 


studied had a wide range of values, from 0.26 to 
8.90 megm./gm. The biotin content of all malig- 
nant tumors fell within the range of 0.02 to 0.16 
megm./gm., while the normal tissues had a range 


of 0.03 to 0.66 megm./gm. The vitamin content of — 9. 


the neoplasms did not seem to bear any relation 
to the vitamin content of the surrounding normal 
tissue. 
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Histopathologic Study of the Mode of Inhibition of Cellular 


Proliferation: Effect of 4-Dimethylaminostilbene on 
the Growth of Walker Rat Carcinoma 256° 


JoHn W. GreEN, Jr., M.D., C. C. Lusupaucu, M.D. 


(From the Department of Pathology, The University of Chicago, Chicago 37, Illinois) 


INTRODUCTION 


Many classes of chemical compounds have re- 
cently been described which inhibit the growth of 
experimental animal tumors. Some cf these com- 
pounds such as nitrogen mustard and urethane 
have been used in the chemotherapy of human 
lymphomas (1, 2, 3, 13, 16) and inoperable cancer 
(1, 8, 12). Recent studies with urethane in the 
treatment of experimental tumors have suggested 
that the mode of action of this chemotherapeutic 
agent may be due to its non-specific effect on de- 
bilitation of the host, together with some more spe- 
cific action as the production of “fixed post-mi- 
totic” cells (5, 9). If the mode of action of various 
classes of tumor inhibiting drugs can be demon- 
strated, then the common denominators of the dif- 
ferent types of inhibitory. chemicals may be found, 
and more active and less toxic inhibitory drugs 
synthesized. 

The present study was undertaken to determine 
the mode of action of a new class of compounds, 
the aminostilbenes, described by Haddow and his 
group (11). They have shown that several of these 
compounds produce marked inhibition of growth 
of the Walker rat carcinoma 256 (11), that the de- 
gree of tumor inhibition is related to the dietary 
protein intake of the hosts (6, 11), and that they 
are powerful carcinogens (11). 

This type of compound was selected to study for 
its mode of action because it is the prototype of 
water insoluble organic carcinogens, and its mode 
of action can be compared with the water soluble 
carcinogen, urethane, which has recently been ex- 
tensively studied (9, 10). 


MATERIALS AND METHODS 


Two hundred and one male and 20 female albino 
rats, obtained mostly from Sprague-Dawley Farms, 
were used in these experiments. Their weights ranged 
from 200 to 350 grams, averaging 250 grams. The stock 


* This study was aided in part by a grant from the Commit- 
tee on Growth acting for the American Cancer Society. 


animals were maintained on a diet of laboratory chow.! 
After preliminary experiments in which the animals. 
were fed chow, synthetic diets were used in all subse- 
quent experiments to facilitate paired feeding of the 
controls. The synthetic diet most frequently used con- 
tained 22 per cent casein.” In order to provide a low pro- 
tein diet in some experiments a 5 per cent casein diet 
was used® and in some a casein free 2 per cent carrot 
protein diet was used.‘ In every experiment in which 
synthetic diets were used the controls were pair fed to 
the dietary intake of the aminostilbene treated animals. 
Dietary consumption was measured daily and the ani- 
mals were weighed every other day. Because the Walker 
tumor has been extensively used in the study of the 
chemotherapy of transplantable rat tumors, this tumor 
was used in all the following experiments. The details 
of transplantation of the tumor have been previously 
reported (9). A dilute sterile saline suspension of tumor 
was inoculated subcutaneously over the spine. By the 
fourth day a measurable nodule of tumor had devel- 
oped. Beginning on this day measurements of the length, 
width, and height of the tumors were made with a cal- 
iper every other day for the next 10 days. The resulting 
estimates of tumor volume were computed and their 
logarithms plotted against the logarithm of the day of 
growth. The growth curves of various experiments 
could then be compared as they were straight lines. At 
14 days the animals were sacrificed, and the tumors ex- 
cised and weighed. The mean weight of control tumors 
divided by the mean weight of treated tumors formed 
the ratio of inhibition for a given experiment. The sig- 
nificance of the difference of the mean tumor weights in 


1 Purina Laboratory Chow. 


2 Casein carrot diet, composition per 100 gm.: casein 22 gm.; 
carrots 30 gm.; ruffex 5 gm.; lard 4 gm.; cornstarch 22 gm.; salt 
mixture 4 gm.; liver concentrate 1 gm.; brewer’s yeast 2 gm.; 
water 10 ml.; riboflavin 500 microgm.; pyridoxine hydro- 
chloride 200 microgm.; calcium pantothenate 200 microgm.; 
choline chloride 100 mg.; vitamin A 200 USP units; and vitamin 
D 29 USP units (20). 

3 Five per cent casein diet identical in composition and iso- 
caloric with the 22 per cent casein diet, except that it contains 
5 gm. casein and 39 gm. cornstarch per 100 gm. diet. 

4 Casein free 2 per cent carrot protein diet isocaloric with 
the previous diets, and identical in composition except that the 
casein is replaced by cornstarch so that it contains 44 gm. 
cornstarch per 100 gm. diet (20). 
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control and treated groups was analyzed and only those 
experiments with a p value of 0.01 or less accepted for 
study. 

Sections of the tumors fixed in formalin, embedded 
and sectioned in paraffin, were stained with hematoxylin 
and eosin, Wilder’s silver reticulum (19), and Giemsa 
stains. In some experiments acetic-orcein crush prepara- 
tions were made of the tumors to facilitate detailed 
study of mitotic figures. In addition to the usual meth- 
ods of histologic study, some groups of tumors were 
evaluated quantitatively by the method of Chalkley 
(4) for the presence of tumor cells, tumor nuclei, fibrous 
tissue, and tumor cells in mitosis. The Chalkley method 
is based on the random distribution of four points in the 
microscope objective falling in the field of a section. It 
was determined that reproducible results could be ob- 
tained with this method by counting a minimum of 200 


After the third injection diethylstilbestrol in oil was 
given subcutaneously to both groups of animals, 10 mi- 
crograms per rat. Pairs of rats in each group were sacri- 
ficed at 24, 48, and 72 hours after the single injection of 
stilbestrol. Seven and a half hours before each pair was 
sacrificed they were given colchicine intraperitoneally. 
When the animals were sacrificed the vagina and uterus 
were removed, bisected longitudinally, embedded in 
paraffin and cut and stained with hematoxylin and eo- 
sin. Mitoses were counted in 1000 cells in a strip 5 cells 
wide along the basal vaginal epithelial layer, and the 
mitotic rate for this tissue calculated. 


EXPERIMENTS AND RESULTS 


The Effect of 4-dimethylaminostilbene Hydro- 
chloride on the Growth of the Tuwmor.—In the first 


TABLE 1 
RELATIONSHIP BETWEEN THE DIET, TUMOR WEIGHT, AND BODY WEIGHT IN 4-DIMETHYLAMINOSTILBENE 


HYDROCHLORIDE TREATED AND UNTREATED RATs, 


Av. wt. Av. wt. 

No. of on on Change 

Experiment rats Diet* day 1 day 14 net wt. 
I Treated 10 Chow 244.8 210.66 —34.52 
Control 252.6 258.0 — 6.33 
II Treated 10 Chow 272.0 250.66 — 23 .98 
Control 10 268.8 277.8 — 5.74 

[II Treated 10 Starve 299.3 244.33 -—T75.8 
Control 10 296.6 233.3 —79 .33 
IV Treated 7 22% 239.4 225.8 — 20.15 
Control 7 casein V0.4 264.14 — 0.37 
Treated 7 5% 235.0 195.14 —43.32 
Control 7 casein 234.7 222.1 — 34.81 


* See footnotes 2 and 3. 


hits per slide in the analysis for various tissue compo- 
nents and 400 hits per slide in the determination of mi- 
totic frequency. | 

The stilbene compound used in these experiments 
was 4-dimethylaminostilbene hydrochloride, M.P. 174- 
175, synthesized by the method of Sachs (17).° It was 
dissolved in propylene glycol at a concentration of 100 
mg. per ml., and injected intraperitoneally at a dose of 
50 mg. per kilogram of body weight. Injections were be- 
gun on the fourth day of tumor growth, and continued 
every other day for a total of 5 injections. Control ani- 
mals were similarly given 0.5 ml. propylene glycol per 
kilogram at the same time intervals. 

Colchicine was used to arrest mitosis in several ex- 
periments. It was administered in doses of 1 mg. per 
kilogram intraperitoneally 7.5 hours before the animals 
were sacrificed. 

The female rats were ovariectomized and allowed to 
recover from the operation. They were not inoculated 
with the tumor. After being divided into two groups, 
one group was given the stilbene compound for three in- 
jections, while the controls were given propylene glycol. 


6 Synthesized by Mrs. Z. Tillitson, of the University of Chi- 
cago Toxicity Laboratory. 


ANALYsIs OF Tissue COMPONENTS 


Mitotic Cyto- 
Av. Ratio of rate per Percent Percent plasmic: 
tumor __inhibi- 400 Percent cyto- fibrous Nuclear 
wt.(gm.) tion cells nuclei plasm tissue ratio 
0.38 31.0 7.0 85.60 5.75 12.40 
11.73 20.40 75.00 1.80 3.70 
2.68 5.70 7.20 83.60 8.11 11.60 
14.74 20.50 75.80 1.90 3.70 
0.86 18.70 0.25 7.50 85.00 7.20 11.30 
16.03 4.50 21.60 74.60 2.20 3.46 
6.55 3.68 3.50 
24.11 5.75 
3.18 6.98 2.50 
22.21 5.00 


experiment the growth of the tumor was studied in 
20 rats fed dog chow ad libitum. The treated tu- 
mors averaged 0.38 grams in weight when excised 
on the fourteenth day, while the control tumors 
averaged 11.73 grams, giving a ratio of inhibition 
of 31.0. The net weight change averaged —34.52 
grams in the treated animals and —6.3 grams in 
the control tumor bearing animals. This experi- 
ment was repeated with a resultant ratio of in- 
hibition of 5.7 (Table 1). In the second experiment 
the weight change for the treated and control ani- 
mals was —23.98 and —5.74 grams respectively. 
Since the ratio of inhibition varied with the weight 
loss of the treated animals, in the third experi- 
ment, beginning on the fourth day both groups 
were starved. The net weight changes in this ex- 
periment were —75.8 grams in the treated and 
—79.33 grams in the controls. The ratio of in- 
hibition was 18.70. The growth curves for both 
groups of animals are shown in Fig. 1. 

Since it has been shown that the protein con- 
tent of the diet has a direct effect on the degree of 
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tumor inhibition produced by the stilbene com- 
pounds (6, 11), a series of experiments was done in 
which a high and a low protein diet was used. Four 
groups of 7 animals each were used; two groups 
were on the 22 per cent casein diet and 2 groups 
were on the 5 per cent casein diet. In each dietary 
group the controls were pair fed to the consump- 
tion of the treated groups. Net weight changes and 
tumor weights are shown in Table 1, Experiment 
IV. There was a consistently greater loss of weight 
in the treated animals as compared with the con- 
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ESTIMATED VOLUME IN CCM. OF TUMOR 


3 6 0 4 3 6 0 4 
TIME IN DAYS OF TUMOR GROWTH 


Fig. 1.—The growth rates of Walker carcinoma 256 in rats 
fed various diets, with and without treatment with 4-dimethyl- 
aminostilbene hydrochloride, plotted on a log-log scale. The 
points indicate the estimated tumor volumes in the following 
dietary groups: 1, control rats fed laboratory chow; 2, treated 
rats fed the same diet; 3, control rats fed 22 per cent casein 
diet (open circles) and control rats fed 5 per cent casein diet 
(open squares); 4, treated rats fed 22 per cent casein diet; 5, 
treated rats fed 5 per cent casein diet. The control animals 
represented by 3 were restricted to the same daily dietary in- 
take as their corresponding treated groups, 4 and 5. 


trols, even though the dietary intake of both was 
the same. The treated tumors of the animals on 
the 22 per cent casein diet averaged 6.55 grams in 
weight, those on the 5 per cent protein diet, 3.18 
grams. The control tumors averaged 24.11 grams 
in the high protein, and 22.21 grams in the low pro- 
tein groups. The 5 per cent protein diet did not 
significantly decrease the weight of the control 


tumors. All of the tumors in these experiments 
were fixed in acetic-orcein and crush preparations 
for mitotic figures were made. 

The growth curve for this experiment is com- 
pared with those of other representative experi- 
ments in Fig. 1. This experiment was repeated us- 
ing 42 animals and adding a casein free 2 per cent 
carrot protein diet. Inhibition of tumor growth of 
the same order as in previous experiments oc- 
curred. On the eighth and twelfth days of tumor 
growth, half of each dietary group was given col- 
chicine and sacrificed 7.5 hours later for mitotic 
counts. When treatment of a group of animals was 
stopped and they were allowed to live, the tumors 
resumed growth in 2 to 4 days. The animals then 
either died from necrosis and sepsis of their tumors 
or from massive hemorrhage from acute gastric ul- 
ceration. The gastric lesion has also been described 
by Haddow (11). 

Histologic Studies of the Effect of 4-dimethyl- 
aminostilbene Hydrochloride on the Morphology of 
the Walker Tumor.—Microscopic study of the 14 
day old treated tumors revealed a striking change 
from the control histology. This change was seen 
particularly in those tumors whose hosts had been 
starved, or fed low protein diets. A similar picture 
was seen in the tumors of the treated chow fed 
hosts; since their dietary intake was so poor, they 
were actually on a low protein diet. The treated 
tumors showed a replacement of the usually ho- 
mogeneous tumor cells by pleomorphic giant cells. 
Occasional multinucleated giant cells were ob- 
served (Figures 4 and 5). The tumor giant cells 
were never observed in mitosis. In addition there 
was a heavy overgrowth of fibrous stroma and 
reticulum (Figures 8 and 9). The histologic changes 
in those treated tumors whose hosts were fed the 
high protein synthetic diet were not as marked; 
this group also showed the least weight loss. How- 
ever, the morphology of the tumors of these ani- 
mals was definitely changed from that of the con- 
trols (Figures 2 and 3). The reticulum showed a 
marked increase over that seen in the control tu- 
mors and there was some increase in tumor cell 
size (Figures 6 and 7). There were few tumor giant 
cells seen. 

The results of analysis of the histological com- 
ponents of some tumors by the Chalkley method 
are shown in Table 1. There was a great increase 
in fibrous tissue and a decrease in hits on tumor 
cell nuclei. The hits on the tumor cell cytoplasm 
were increased. A comparison of the mitotic rate, 
net weight change of the host, tumor weight and 
dietary regimen is shown in Table 1. On both the 
22 per cent and 5 per cent casein diets the mitotic 
rate for the treated animals was slightly less than 
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Figs. 2 to 5.—Photomicrographs of Walker carcinoma 256, 
14 days old. Hematoxylin and eosin stains. X 570. Fig. 2. Un- 
treated tumor from rat pair-fed 22 per cent casein diet in ex- 
periment IV. Fig. 3. Tumor from rat treated with 4-dimethy]- 


aminostilbene hydrochloride in experiment IV. Fig. 4. Untreat- 

ed tumor from rat starved in experiment III. Fig. 5. Tumor : 
from rat starved and treated with 4-dimethylaminostilbene | 
hydrochloride in experiment ITI. Note the tumor giant cells. 
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pregnation of reticulum. X 125. Fig. 6. Same as Fig. 2. Fig. 7. 


Same as Fig. 3. Fig. 8. 
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the controls. That this was not due to more severe 
nutritional debilitation of the treated animals is 
shown by Experiment IIL (Table 1) where both 
treated and control groups were starved. Although 
the net weight loss of the controls was 79.33 grams, 
and that of the treated 75.8 grams, the mitotic 
rate was 4.5 and 0.25 per 400 cells respectively. 
The small consistent difference between the 
treated and control tumors was greatly accentuated 
by the administration of colchicine on the eighth 
and twelfth days of tumor growth. After colchicine 
the control tumors, regardless of the type of host 
diet, showed a consistently higher rate of mitosis 
(Table 2). While this marked inhibition of tumor 
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er and more sustained increase. This inhibition of 
mitosis in the treated animals was not the result of 
severe weight loss (Table 3). Controls restricted in 
food intake to the weight loss of the treated animals 
still showed a good estrogenic response and a 
marked increase in the mitotic rate of the vaginal 
basal epithelium. The mitotic figures of both treat- 
ed and untreated tumors were studied to deter- 
mine if there was an increase in abnormal mitotic 
figures which might give rise to post mitotic cells 
that could not contribute any further increase in 
tumor size such as occurs in urethane treated 
Walker tumors (9). The animals on which these 
studies were made were pair fed a 22 per cent 


TABLE 2 


EFFECT OF COLCHICINE ON THE NUMBER OF MITOSES IN WALKER RAT TUMOR 256 AND THE JEJUNAL CRYPTS 
OF RATS AFTER TREATMENT WITH 4-DIMETHYLAMINOSTILBENE HY DROCHLORIDE.*T 


Tumor 


Number mitoses 
per 400 cells. 


Days 
Treatment Diet 12 
Control 22% 10.0 12.0 
casein 
Colchicine 37.0 61.5 
Aminostilbene 4.0 3.0 
Aminostilbene and col- . 11.0 0.0 
chicine 
Control 5% 45 7.0 
casein 
Colchicine 54.5 32.0 
Aminostilbene 4.5 4.0 
Aminostilbene and 8.0 5.5 
colchicine 
Control 2% 9.0 6.0 
carrot protein 
Colchicine ” 80.5 53.5 
Aminostilbene 0.5 2.5 
Aminostilbene and col- " 5.5 3.0 
chicine 


Number pycnotic 


nuclei per Number mitoses per Number pycnoses per 
400 cells. 200 crypt celle. 200 crypt celle. 
Days Days Days 

% 12 % 12 % 12 
0.0 0.0 3.5 7.5 9.0 0.0 
3.0 0.5 28 5 48.0 37.0 46.0 
0.0 0.0 4.0 3.0 0.0 0.0 
6.5 0.0 25.0 52.0 42.5 31.0 
0.0 0.5 4.5 4.5 9.0 0.0 
1.5 8.5 44.0 44.0 47.0 23.0 
0.5 1.0 2.0 5.0 0.0 0.5 
4.5 0.5 36.5 41.0 5 0 25.0 
0.0 0.0 4.0 4.0 0.5 0.0 
3.5 7.0 23 .0 31.5 59.5 54.5 
0.0 0.0 1.0 4.5 1.9 0.0 
1.0 0.5 59.5 36.5 36.5 22.0 


* The 8 day treated animals received 3 injections of the stilbene compound, the 12 day animals 5 injections. 


t Four rats used in each group. 


cell mitosis by 4-dimethylaminostilbene hydro- 
chloride was observed, the mitotic rate of the je- 
junal crypts remained essentially unchanged in 
both treated and control animals (Table 2). 

The observation that this was an apparent spe- 
cific inhibition of tumor cell division by the stil- 
bene compound while the intestinal crypts re- 
mained unaffected suggested the study of another 
rapidly proliferating normal tissue. The vaginal 
epithelium of the ovariectomized rat under the in- 
fluence of estrogen was used for this purpose (18). 
After the third injection of the stilbene compound 
and the administration of stilbestrol, it was ob- 
served that estrus was suppressed in the treated 
animals. While the mitotic rate of the vaginal epi- 
thelium of the treated animals showed some slight 
increase, the control animals showed a much great- 


casein and a 5 per cent casein diet. No colchicine 
was used in these experiments. All tumors used in 
the mitotic study were 14 days old. The abnormal 
mitoses were considered to be (9): polypoid pro- 
phase, cells with greatly increased numbers of 
scattered chromosomes; abnormal metaphase. 
poor spindle formation due to chromosome clump- 
ing and omission of chromosomes from the spindle: 
sticking chromosomes, chromosomes remainmg at- 
tached after metaphase and failmg to enter into 
daughter cells in anaphase; laggmg anaphase, the 
lagging-behind of one or more chromosomes as the 
daughter cells are formed; bizarre figures, multiple 
spindles in a single cell or any peculiar configura- 
tions that could not be readily classified. Table 4 
shows the results of this detailed study of mitotic 
figures. The difference in dietary protem had no 
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TABLE 3 


THE EFFECT OF 4-DIMETHYLAMINOSTILBENE HYDRO- 
CHLORIDE ON THE VAGINAL EPITHELIUM OF THE 
OVARIECTOMIZED FEMALE RAT, AT 24 HOUR INTER- 
VALS AFTER THE ADMINISTRATION OF DIETHYLSTIL- 
BESTROL, 10 MICROGRAMS PER RAT. (COLCHICINE 1 
MG/KG GIVEN 73 HOURS BEFORE EACH GROUP SAC- 
RIFICED)* 1000 CELLS COUNTED IN EACH RAT. 


Weight Mitoses 
Animal Time after change per 1000 
No. Treatment stilbestrol (grams) cells 
1 Treated 24 Hours — 50 36 
2 ” 24 Hours — 50 32 
3 Control 24 Hours — § 66 
4 - 24 Hours + 3 68 
5 - 24 Hours — 53 66 
6 Treated 48 Hours — 23 46 
7 . 48 Hours —33 33 
s Control 48 Hours — 6 173 
9 . 48 Hours —16 266 
10 ” 48 Hours — 60 111 
11 48 Hours —55 327 
12 Treated 72 Hours —60 66 
13 ” 72 Hours +17 38 
14 Control 72 Hours — 25 67 
15 - 72 Hours — 22 98 
16 ” 72 Hours — 58 149 
17 ” 72 Hours — 56 171 


* The 24 hour treated animals were given 3 injections of the stilbene com- 
pound; the 48 hour and 72 hour animals were given 4 injections. 


effect on the incidence of abnormal figures. In the 
control tumors of both dietary groups about 30 per 
cent of the figures were considered to be abnormal. 
The greatest increase in abnormal appearing mi- 
totic figures in the treated tumors was in abnormal 
metaphases. 

COMMENT 


It would seem from these experiments that 4-di- 
methylaminostilbene inhibits the growth of the 
Walker rat carcinoma 256 primarily by direct 
mechanisms. Even though both treated and un- 
treated animals were depleted of the same amounts 
of weight in Experiment IIT (75.8 and 79.33 grams, 
respectively), the marked difference in mitotic 
rate of the two groups shows that non-specific nu- 
tritional debilitation is not a primary factor in the 
restriction of tumor growth. That specific debilita- 
tion plays some role in tumor inhibition with this 
compound has been shown by Elson and Haddow 
(6) and confirmed in the experiments described 
above. Although a 5 per cent casein diet had no ef- 
fect on control tumor growth in these experiments, 
the low protein diet increased the ratio of inhibi- 
tion from 3.68 to 6.98. The degree of tumor inhibi- 


TABLE 4 


ANALYSIS OF MITOTIC FIGURES OF 14 DAY OLD CONTROL AND 4-DIMETHYLAMINOSTILBENE 
HYDROCHLORIDE TREATED WALKER TUMORS.* 


NorMAL Mirotic Figures 


ABNORMAL Miurotic FIGURES 


Total 
Degen- Total Poly- Abnor- Stick- Lag- Bi- abnor- 
erat- normal poid mal ing ging zarre mal 
Pro- Meta- Ana- Telo- ing (per pro- meta- chromo-_ ana- fig- (per 
Animal No. Diet phase  phase’- phase phase cells cent) phase phase somes_ phase ures cent) 
Control: 22% 
1 casein 65 1 0 0 8 74 0 10 8 7 1 26 
2 ” 53 9 0) 0 Q 64 0 23 2 ll 0 36 
3 . 62 3 0 0 1 66 3 17 5 9 0 34 
4 ™ 61 7 0 0 6 74 2 16 6 2 0 26 
3 ° 72 4 0 0 Q 78 0 9 2 11 0 22 
6 " 49 10 0 1 7 67 1 10 4 17 1 38 
AVERAGES 60.3 5.6 0 17s 4. 70.5 1 14.1 4.5 9.5 3 29.5 
Treated: 22% 
1 casein 23 3 0 1 4 31 6 45 3 15 0 69 
g ” 26 4 0 1 6 37 1 30 7 25 0 63 
3 ° 15 3 0 0 4 22 4 47 7 14 6 78 
4 " 47 1 0 0 8 56 4 30 3 7 0 44 
5 ” 22 2 0 0 4 28 6 42 10 14 0 72 
6 ” 15 3 0 1 9 28 3 51 2 16 0 72 
AVERAGES 24.6 2.6 0 5 5. 33.6 4 40.8 5.3 15.1 1 66.3 
Control: 5% 
1 casein 51 9 1 13 11 85 3 2 2 8 0 15 
2 vies 57 3) 0) 3 10 79 Q 9 4 6 0 21 
3 “ 49 13 Q g 7 73 0 11 5 11 0 Q7 
4 ” 51 4 0 0 Q 57 0 26 1 15 1 43 
5 7 38 10 0 1] 9 58 0 22 4 15 1 42 
AVERAGES 49 .2 9.0 6 3.8 7.8 70.4 1 14 $.2 Ill 4 29 .6 
Treated: 5% 
1 casein 47 0 0 0 Q 49 8 37 1 5 0 51 
2 “ 29 1 0 0 6 36 i) 45 0 8 Q 64 
3 ” 41 4 0 0 7 52 9 16 13 9 1 48 
4 7 38 3 0 1 3 45 1 41 1 10 2 55 
5 ” 36 Q 0 1 1 40 2 44 0 8 6 60 
AVERAGES 38.2 Q 0 4 3.8 44.4 5.8 36 .6 3.0 8 2.2 55.6 


* One hundred mitoses were studied in each tumor. 
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tion must be correlated in some manner with pro- 
tein synthesis. Recent work by Feinstein (7) sug- 
gests more specifically that one effect of 4-di- 
methylaminostilbene on protein metabolism is a 
marked reduction in liver and splenic cathepsin 
rate, which might slow the normal rate of protein 
turnover. This could lead to a diminution in avail- 
able protein for tumor and body growth. 

The effect of inhibition of mitosis by 4-dimethy]- 
aminostilbene hydrochloride is independent of the 
dietary intake, and occurs to about the same ex- 
tent in tumor bearing animals fed a 22 per cent or 
5 per cent casein, or 2 per cent carrot protein diet 
for short periods of time. This would suggest that 
the ability to inhibit mitosis is an independent fac- 
tor not related directly to dietary intake. The ob- 
servation that the mitotic rate of the jejunal crypts 
was not affected while that of the tumor was de- 
creased implies a very specific mitotic inhibitory 
ability of the drug. However, since it will also in- 
hibit the mitosis of the vaginal epithelium of 
ovariectomized rats when stilbestrol is adminis- 
tered, it is not simply a specific inhibitor of neo- 
plastic cells. 

The ability of 4-dimethylaminostilbene to pro- 
duce an increase in abnormal mitotic figures is 
similar to the observations made on human tu- 
mors treated with x-ray (14, 15), and on urethane 
treated rat tumors (9). In the latter study it was 
suggested that the abnormal mitotic figures might 
give rise to cells which were incapable of further 
division, and hence post mitotic cells. These post 
mitotic cells could not add any subsequent genera- 
tions of cells to the tumor mass. This mechanism 
is also apparently a factor in the inhibition of 4-di- 
methylaminostilbene treated tumors. 

The striking change in the histological appear- 
ance of the treated tumors may be the result of 
these mechanisms. The slower growth of the tumor 
gives the stroma of the host more opportunity to 
supply a dense matrix than in a very rapidly grow- 
ing tumor. The peculiar atypical cells in the treat- 
ed tumors (Figure 5) may arise from abnormal 
mitotic figures and represent the final stage of the 
fixed post mitotic cell. That this is possible is sug- 
gested from the observation that none of these 
cells have ever been observed in mitosis. 

While the mechanism of tumor inhibition by 
urethane is apparently due to the non-specific ac- 
tion of the debilitating effect of the drug combined 
with the specific effect of the production of ab- 
normal mitotic figures giving rise to post mitotic 
tumor cells, the inhibitory effect of 4-dimethy]- 
aminostilbene is more specific. The debilitation by 
reduction in dietary protein intake increases the 
effect of this drug on tumor growth. The produc- 


tion of abnormal mitotic figures and the inhibitory 
effect of tumor cell mitosis is apparently independ- 
ent of nutritional debilitation. 


SUMMARY 


The inhibitory effects of 4-dimethylaminostil- 
bene hydrochloride on celluar proliferation have 
been studied in the Walker rat carcinoma 256, je- 
junal crypts of intact male, and vaginal basal epi- 
thelium of the ovariectomized rat. The findings of 
Haddow and his group have been confirmed (6, 
11), that this compound is a powerful inhibitor of 
tumors and its inhibitory effect is dependent in 
part on the nutritional state of the host. It has 
been shown that a spectacular change in the his- 
tologic appearance of the tumors occurs under the 
influence of this drug, and that this histologic 
change of tumor giant cell formation, overgrowth 
of fibroblasts, and heavy reticulum formation is 
greatest in those tumors whose hosts have had the 
poorest nutritional state and lost the most weight. 
In addition it has been found that in tumors 
treated with aminostilbene there is an increase in 
incidence of abnormal mitotic figures of the type 
which are postulated to give rise to post mitotic 
cells. It is suggested that these post mitotic cells 
may not be available for further tumor growth. 
The more specific effect of inhibition of mitosis of 
tumor cells by this drug has been described. This 
inhibition of mitosis has been found whether the 
host was on either a high or low protein diet. The 
jejunal crypt mitotic rate was not affected by the 
drug in these animals. This compound was also 
found to inhibit the vaginal epithelium of the 
ovariectomized rat which had been given stilbes- 
trol. The inhibition of mitosis of the stilbestrol 
stimulated vaginal epithelium of the rat is not due 
to marked weight loss of the treated animals. 

On the basis of this study 4-dimethylamino- 
stilbene hydrochloride appears to inhibit tumor 
growth by: production of abnormal mitotic figures 
giving rise to post mitotic cells, inhibition of tumor 
cell mitosis, and by interfering with normal pro- 
tein synthesis in the tumor bearing rat. 
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